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DISPOSAL  OF  SEWAGE   IN   MASSACHUSETTS. 


By  Fkedekic  P.  Steakns,  M.  Am.  Soc.  C.  E. 
Kead  at  the  Annual  Convention  July  2d,  1887. 


The  announcement  that  the  disposal  of  sewage  is  one  of  the  subjects 
to  be  discussed  at  the  Convention  this  year,  induces  me  to  j^resent  to 
the  Society  a  statement  of  the  present  status  of  this  question  in  Massa- 
chusetts, "with  a  brief  reference  to  the  action  of  the  State  in  the  matter 
in  the  past. 

Massachusetts  is,  with  one  exception,  the  most  densely  populated  of 
the  States,  as  will  be  seen  by  the  following  table  of  the  leading  States  in 
this  respect: 

Population  per 
°'i^'i^-  square  mile  (1880). 

Ehode  Island 255 

Massachusetts  222 

New  Jersey 152 

Connecticut 129 

New  York 107 

Pennsylvania 95 

Maryland 95 

In  1885  the  population  jier  square  mile  in  Massachusetts  was  242.  It 
is  now  more  densely  populated  than  France  or  Germany,  and  is  not  far 
behind  Italy  or  Great  Britain  and  Ireland  ' 
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The  water  power  of  the  streams  has  been  largely  developed,  and  the 
many  manufactories  using  the  water  add  their  refuse  to  the  streams. 

For  the  past  fifteen  or  twenty  years  it  has  been  evident  to  the  sani- 
tarians who  have  considered  the  subject,  that  within  a  comijaratively 
brief  period  it  would  be  necessary  to  adopt  some  decisive  measures  to 
protect  the  purity  of  the  streams. 

In  1871  the  State  Board  of  Health  examined  one  of  the  valleys  of 
the  State  with  reference  to  the  jjollution  of  a  stream  ixsed  for  a  water 
supply. 

In  1872  the  Legislature  passed  an  act  providing  for  a  commission  of 
engineers  to  report  plans  for  the  sewerage  and  water  supply  of  the 
metroiiolitan  district.  They  also  created  a  commission  to  devise  a  plan 
for  preventing  the  pollution  of  a  small  stream  near  Boston,  where  the 
co-ojieration  of  two  or  more  cities  was  necessary. 

In  1873  the  State  Board  of  Health,  in  answer  to  a  resolve  of  the 
Legislature  of  1872,  submitted  a  lengthy  report  on  the  disposal  of  sewage, 
its  utilization,  the  sanitary  eflfect  of  draining  the  same  into  the  streams 
and  the  increasing  joint  use  of  water-courses  for  sewers  and  as  sources 
of  water  supply. 

Since  1873  the  reports  of  this  Board  have  contained  a  large  amount 
of  valuable  matter  on  the  general  subject  of  the  disposal  of  sewage  and 
much  information  as  to  the  present  condition  of  Massachusetts'  rivers 
as  regards  pollution. 

In  1878  a  law  was  passed  forbidding  the  future  pollution  of  waters 
used  for  a  domestic  water  supply  within  twenty  miles  above  the  point 
of  taking.  This  law  does  not  apply  to  the  Merrimack  and  Connecticut 
Kivers. 

In  1882,  in  answer  to  a  resolve  of  the  Legislature,  the  State  Board  of 
Health  reported  upon  the  i)ollution  of  the  Blackstone  Eiver  by  the  city 
of  Worcester,  recommending  that  it  be  required  to  purify  its  sewage 
before  turning  it  into  the  stream.  The  same  year  a  commission,  which 
was  appointed  to  consider  the  drainage  of  the  Mystic  and  Charles  Kiver 
valleys,  submitted  their  report. 

In  1884  the  pollution  of  the  Blackstone  River  was  the  subject  of  ex- 
tended hearings  before  a  legislative  committee.  The  same  year  the 
Massachusetts  Drainage  Commission  was  appointed  ' '  for  the  purpose 
of  considering  and  reporting  a  general  system  of  drainage  for  the  relief 
of  the  valleys  of  the  Mystic,  Blackstone  and  Charles  Rivers,  and  for  the 
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protection  of  the  public  water  supplies  of  the  cities  and  towns  situated 
within  the  basins  of  said  rivers."  The  Commission,  which  was  also  to 
consider  the  question  of  the  disposal  of  sewage,  could  at  its  discretion 
include  other  valleys  in  its  examinations,  and  was  given  nearly  two  years 
and  a  liberal  ajjproiDriation  for  its  work. 

The  Commission  ajjpointed  as  its  chief  engineer,  Mr.  Eliot  C.  Clarke, 
M.  Am.  Soc.  C.  E.,  and  his  very  thorough  and  comprehensive  rejjort 
was  submitted  to  Joseph  P.  Davis  and  Eudolph  Hering,  Members 
Am.  Soc.  C.  E.,  who  were  asked  to  act  as  consulting  engineers. 

Of  the  more  important  recommendations  of  this  Commission,  two 
were  adopted  by  the  Legislature  of  1886. 

By  one  of  these  the  City  of  Worcester  is  required,  not  later  than  the 
summer  of  1890,  to  so  treat  its  sewage  before  discharging  it  into  the 
Blackstone  River  that  it  shall  not  create  a  nuisance  or  endanger  the 
public  health. 

The  engineer  of  this  city,  Mr.  C.  A.  Allen,  M.  Am.  Soc.  C.  E..  has 
recently  made  a  report  recommending  that  chemical  precipitation  be 
adopted. 

By  the  adoption  of  the  second  recommendation  of  the  Commission 
the  State  has  now  a  general  law  relating  to  the  supervision  of  water  sup- 
ply and  sewerage,  its  execution  being  intrusted  to  the  State  Board  of 
Health. 

The  foregoing  indicates  the  growth  of  the  sewerage  question  in 
Massachusetts. 

The  general  law  referred  to  is  the  first  of  its  kind  in  the  country,  so 
far  as  the  writer  is  informed,  and  some  sj^ace  will  be  devoted  to  a  state- 
ment of  its  provisions  and  of  its  execution  up  to  the  present  time. 

The  law  is  given  in  full  as  an  a^Dpendix. 

The  duties  of  the  Board  of  Health  under  this  law  may  be  stated  con- 
cisely as  follows : 

First. — To  have  the  general  care  and  oversight  of  inland  waters. 

Second. — To  recommend  legislation  and  suitable  plans  for  systems  of 
main  sewers. 

Third. — To  cause  examinations  of  the  waters  of  ponds  and  streams  to 
be  made. 

Fourth. — To  recommend  measures  to  prevent  the  pollution  of  waters. 

Fifth. — To  conduct  experiments  on  the  purification  of  drainage. 

Sixth. — To  conduct  experiments  on  the  disposal  of  manufacturing 
refuse. 

Seventh. — To  consult  with  and  advise  the  authorities  of  cities  and 
towns  and  others  as  to  the  most  appropriate  source  of  water  sujjply  and 
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tbe  best  practical  method  of  assuring  the  purity  thereof  or  of  disposing 
of  their  sewage,  having  regard  to  the  i^resent  and  prospective  needs  of 
cities,  towns,  etc.,  afiected  thereby. 

Elglitli. — To  consult  with  and  advise  manufacturers  with  reference  to 
the  disposal  of  manufacturing  refuse. 

Ninth. — To  bring  to  the  notice  of  the  Attorney-General  all  omissions 
to  comply  with  existing  laws. 

The  law  fiirther  provides  that  authorities  of  cities  and  towns,  and  all 
others  intending  to  introduce  systems  of  water  suj^ply  or  sewerage, 
shall  submit  to  the  Board  outlines  of  their  jjroposed  plans  or  schemes  in 
relation  to  these  subjects  ;  and  that  manufacturers  intending  to  engage 
in  any  business,  drainage  or  refuse  from  which  may  tend  to  cause  the 
pollution  of  any  inland  waters,  shall  also  give  notice  to  the  Board  of  their 
intentions  in  the  i^remises. 

The  Board  consists  of  seven  members,  of  whom  one  is  a  prominent 
civil  engineer,  one  a  physician  who  for  many  years  has  made  water 
supply  and  sewerage  questions  a  special  study,  one  a  lawyer  and  the 
others  i^hysieians  and  business  men. 

The  engineering  staff  of  the  Board  at  the  present  time  consists  of 
Joseph  P.  Davis,  M.  Am.  Soc.  C.  E.,  Consulting  Engineer;  the  writer, 
Chief  Engineer,  and  one  permanent  and  two  temporary  assistants. 

The  work  of  the  Board  during  the  nine  months  in  which  the  law 
has  been  in  practical  operation  has  consisted  chiefly  in  advising  cities, 
towns  and  public  institutions  about  proposed  plans  of  water  supply  and 
sewerage,  though  they  have  begun  upon  monthly  chemical  examinations 
of  waters  from  all  public  water  supplies  and  the  more  important  rivers  ; 
these  examinations  to  be  suiiplemented  by  biological  and  microscopic 
work  by  experts.  It  is  hoped  that  much  information  may  be  gained 
by  these  systematic  researches.  Plans  are  under  consideration  for  some 
accurate  experiments  on  the  disposal  of  sewage  at  one  of  the  public 
institiitions. 

The  proposed  systems  of  sewerage  submitted  by  cities  and  towns 
have  included  combined  and  sei^arate  systems,  and  the  disposal  of 
sewage  by  purification  upon  land  and  by  direct  discharge  into  water- 
courses ;  all  of  which  have  been  approved  where,  after  thorough  exam- 
ination, they  appeared  to  be  best  suited  to  the  circumstances  of  the 
cases,  and  nearly  all  have  been  disajiproved  under  other  circumstances. 

The  experience  thus  far  gained  has  helped  to  emphasize  the  need, 
well  known  before,  of  some  restriction  upon  the  discharge  of  polluting 
matters  into  the  ponds  and  streams  of  the  State,  as  well  as  to  show  for- 
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cibly  the  difficulty  of  making  this  restriction  by  any  laws  applied  with- 
out discrimination  to  all  cases.  The  plan  adopted  of  making  this  re- 
striction through  the  agency  of  a  Board  having  power  to  examine  each 
case  with  the  aid  of  experts  and  decide  each  upon  its  merits  seems  to  be 
the  best  that  could  be  adojjted  and  one  to  be  recommended  to  other 
States. 

In  Massachusetts  the  Board  is  given  advisory  and  not  mandatory 
jDOwers  ;  whether  this  will  be  sufficient  or  not  is  a  question.  It  has 
proved  sufficient  for  the  Massachusetts  Kailroad  Commission  for  many 
years  and  for  the  Board  during  the  brief  time  that  the  law  under  con- 
sideration has  been  in  operation  and  I  think  it  will  continue  to  be  so. 

Up  to  the  present  time  only  two  towns  in  Massachusetts,  Lenox  and 
Medfield,  have  built  works  for  purification,  and  these,  with  the  i:)ublic 
institutions,  notably  the  reformatories  at  Concord  and  Sherborn  and 
the  Insane  Hospital  at  Worcester,  furnish  the  only  important  examples 
of  sewage  jjurification  in  the  State. 

During  the  next  few  years  several  other  examples  will  larobably  be 
furnished,  since  "Worcester  is  required  by  law  to  purify  its  sewage 
within  three  years,  and  the  city  of  Brockton  and  the  towns  of  Milford, 
Framingham  and  Marlborough  are  jsroposing  to  dispose  of  their  sewage 
upon  land.  Lenox  is  proposing  to  build  additional  works,  and  many 
other  cities  and  towns  desirous  of  providing  sewerage  facilities,  realize 
that  they  must  adopt  some  purification  processes. 
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APPE  N  DIX. 
COMMONWEALTH  OF  MASSACHUSETTS. 


[Chap.    274.] 
An  Act  to  protect  the  purity  of  inland  waters. 

Be  it  enacted,  etc.,  as  follows: 

Section  1.  The  State  Board  of  Health  shall  have  the  general  oversight 
and  care  of  all  inland  Avaters  and  shall  be  furnished  with  maps,  plans 
and  docnments  suitable  for  this  purpose,  and  records  of  all  its  doings 
in  relation  thereto  shall  be  kept.  It  may  employ  such  engineers  and 
clerks  and  other  assistants  as  it  may  deem  necessary;  provided,  that  no 
contracts  or  other  acts  which  involve  the  payment  of  money  from  the 
treasury  ot  the  Commonwealth  shall  be  made  or  done  without  an  appro- 
l^riation  expressly  made  therefor  by  the  general  court.  It  shall  an- 
nually on  or  before  the  tenth  day  of  January  rejiort  to  the  general  court 
its  doings  in  the  preceding  year,  and  at  the  same  time  siibmit  estimates 
of  the  sums  required  to  meet  the  expenses  of  said  board  in  relation  to- 
the  care  and  oversight  of  inland  waters  for  the  ensuing  year ;  and  it 
shall  also  recommend  legislation  and  suitable  plans  for  such  systems 
of  main  sewers  as  it  may  deem  necessary  for  the  preservation  of  the 
I^ublic  health  and  for  the  purification  and  i^revention  of  pollution  of  the 
ponds,  streams  and  inland  waters  of  the  Commonwealth. 

Sec.  2.  Said  board  shall  from  time  to  time  as  it  may  deem  expedient, 
cause  examinations  of  the  said  waters  to  be  made  for  the  purpose  of  ascer- 
taining whether  the  same  are  adapted  for  use  as  sources  of  domestic  water 
supplies  or  are  in  a  condition  likely  to  impair  the  interests  of  the  public 
or  persons  lawfully  using  the  same,  or  imperil  the  public  health.  It 
shall  recommend  measui'es  for  i)revention  of  the  pollution  of  such  waters 
and  for  removal  of  substances  and  causes  of  every  kind  which  may  be 
liable  to  cause  pollution  thereof,  in  order  to  protect  and  develop  the 
rights  and  property  of  the  Commonwealth  therein  and  to  protect  the 
public  health.  It  shall  have  authority  to  conduct  experiments  to  de- 
termine the  best  i^ractical  methods  of  purification  of  drainage  or  disposal 
of  refuse  arising  from  manufacturing  and  other  industrial  establishments. 
For  the  jjurposes  aforesaid  it  may  employ  such  expert  assistance  as 
may  be  necessary. 

Sec.  3.  It  shall  from  time  to  time  consult  with  and  advise  the  authorities- 
of  cities  and  towns,  or  with  corporations,  firms  or  individuals  either  already 
having  or  intending  to  introduce  systems  of  water  supply  or  sewerage, 
as  to  the  most  appropriate  source  of  supi)ly,  the  best  i)ractical  method 
of  assuring  the  purity  thereof  or  of  disposing  of  their  sewage,  having 
regard  to  the  present  and  prospective  needs  and  interests  of  other 
cities,  towns,  corporations,  firms  or  individuals  which  may  be  affected 
thereby.  It  shall  also  from  time  to  time  consult  with  and  advise  per- 
sons or  corporations  engaged  or  intending  to  engage  in  any  manufacturing 
or  other  business,  drainage  or  refuse  from  which  may  tend  to  caiise  the 
l)ollution  of  any  inland  water,  as  to  the  best  practical  method  of  pre- 
venting such  pollution  by  the  interception,  disposal  or  purification  of 
such  drainage  or  refuse  ;  provided,  that  no  person  shall  be  compelled 
to  bear  the  exj^ense  of  such  consultation  or  advice,  or  of  experiments 
made  for  the  ])\irposes  of  this  act.  All  such  authorities,  corporations, 
firms  and  individuals  are  hereby  required  to  give  notice  to  said  board 
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of  their  intentions  in  the  premises,  and  to  submit  for  its  advice  outlines 
of  their  jjroposed  i:)lans  or  schemes  in  relation  to  water  supply  and 
disposal  of  drainage  or  refuse.  Said  board  shall  bring  to  the  notice  of 
the  attorney-general  all  instances  which  may  come  to  its  knowledge  of 
omission  to  comply  with  existing  laws  respecting  the  pollution  of  water 
supplies  and  inland  waters  and  shall  annually  report  to_  the  legislature 
any  specific  cases  not  covered  by  the  provisions  of  existing  laws,  which 
in  its  opinion  call  for  further  legislation.      [Approved  June  9,  1886.] 
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SEWAGE   DISPOSAL. 


By  Charles  A.  Allen,  M.  Am.  Soc.  C.  E. 
Eead  at  the  Annual  Convention — July  2d,  1887. 


In  the  fall  of  1883  I  received  instructions  from  tlie  City  Council  of  tlie 
City  of  Worcester,  Mass. ,  to  visit  Europe,  for  the  purpose  of  examining 
the  various  methods  of  sewage  disposal  in  use  there,  the  information  so 
obtained  to  be  used  in  suits  brought  against  the  city,  for  polluting  the 
Blackstone  liiver,  and  also  to  be  used  in  determining  the  best  method 
of  disposing  of  the  sewage  of  the  city,  in  case  it  should  be  found 
necessary  in  the  course  of  time,  so  to  do.  In  September,  1886,  I  re- 
ceived instructions  to  prepare  a  report  upon  the  subject,  and  to  recom- 
mend what,  in  my  opinion,  would  be  the  most  practicable  system  of 
disposal  for  the  city  to  adopt.  The  report  has  been  made  and  jiub- 
lished,  and  as  it  presents  my  views  upon  the  subject,  I  shall  take  the 
liberty  of  quoting  largely  therefrom,  taking  care  to  use  only  such 
portions  of  the  report  as  bear  upon  the  general  subject,  and  not  upon 
local  conditions. 

As  the  history  of  sewage  purification  in  England  is  exceedingly  in- 
teresting, and  dates  back  nearly  half  a  century,  a  brief  revicAv  will  per- 
hajis  be  instructive. 

Early  in  the  j^i'esent  century  it  became  apparent  that,  owing  to  the 
great  i)ollution  of  the  rivers  and  streams  flowing  through  the  densely 
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populated  districts,  some  method  of  purification  must  be  adopted; 
coupled  with  this,  was  the  belief  that  large  sums  of  money  could  be 
made  out  of  the  sewage,  by  devising  some  method  of  converting  it  into 
a  fertilizer. 

A  large  amount  of  cajiital  was  invested  in  works  for  this  purpose, 
nearly  all  of  which  was  lost. 

Commissions  appointed  by  towns,  cities  and  the  general  government, 
investigated  the  subject,  and  made  elaborate  reports  and  recommenda- 
tions. A  bare  quotation  of  the  titles  of  these  would  fill  quite  a  volume 
and  is  out  of  the  question  here. 

By  most  of  the  methods  tried,  it  was  found  possible  to  extract  the 
solid  matters  contained  in  the  sewage,  but  when  this  was  accomplished, 
it  was  found  that  the  extract,  in  many  instances,  was  valueless,  and  that 
the  effluent  obtained,  in  every  case,  was  anything  but  pure. 

I  will  give  a  few  examples  of  the  early  efforts  made,  as  they  bear  upon 
the  subjects  of  sedimentation  and  mechanical  filtration,  which  have  been 
suggested  as  possible  means  of  purifying  sewage. 

At  Aldershot  and  Eugby,  the  sewage  was  strained  through  i^lanks 
perforated  with  holes  J  of  an  inch  in  diameter,  but  the  purifying  effect 
was  slight,  for  the  amount  of  suspended  matter  was  only  reduced  from 
43.77  grains  per  gallon  to  35.01  at  Aldershot,  with  about  the  same  result 
at  Rugby,  while  the  organic  matter  was  14.02  grains  per  gallon,  before, 
and  8.77  grains  per  gallon  after,  treatment. 

Even  with  a  more  elaborate  system  of  filtration,  as  was  practiced  at 
Merthyr-Tydfll,  where  the  sewage  passed  through  a  filter  of  coarse  iron 
slag,  about  three  feet  thick,  and  then  through  another  filter  of  coarse 
vegetable  charcoal,  the  suspended  matters  were  reduced  from  169.81 
grains  to  32.31  grains  per  gallon;  but  the  soluble  matters  were  not 
affected. 

A  Mr.  Strong,  of  Glasgow,  designed  an  apparatus  for  filtering  sewage, 
the  filtering  medium  being  coal  ashes. 

The  filtration  was  iipward,  so  that  the  solid  matter  was  retained  in 
the  lower  i)art  of  the  filter.  This  apparatus  was  tried  at  a  public  in- 
stitution in  Glasgow,  having  about  two  hundred  inmates;  the  effluent 
was  very  free  from  suspended  matters,  but  the  soluble  portion  of  the 
sewage  escaped  untouched. 

At  Birmingham  sand  filters  were  at  one  time  used  with  about  the 
same  success,  while  at  Chelmsford  and  Belston,  clinkers  and  ashes  were 
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employed.  It  was  found  that  if  the  filtering  material  was  fine  in  it8 
texture,  it  very  soon  clogged;  and  if  coarse,  it  failed  to  remove  a  large 
amount  of  matter  carried  in  suspension. 

Other  examples  of  mechanical  filtration  might  be  quoted,  if  necessary, 
the  result  obtained  in  every  instance  l^eing  about  the  same. 

Birmingham  originally  tried  subsiding  tanks.     They  were  arranged 
so  that  the  sewage  was  discharged  into  a  tank  about  ninety  feet  long  and 
fifty  feet  wide;  from  thence  it  flowed  over  a  weir  guarded  by  floatmg 
boards  placed  for  the  purpose  of  intercepting  floating  matters,  into  a 
tank  of  similar  dimensions,  and  then  over  a  like  weir  into  a  third  tank 
(30  feet  wide  and  150  feet  long),  from  this  into  another  of  about  three 
times  the  capacity  of  the  last,  and  then  over  a  weir   into  the  effluent 
channel  which  conveyed  it  to  the  Eiver  Kea.     In  this  manner  a  large 
portion  of  the  heavier  matters  in  the  sewage  was  deposited  m  the  tanks, 
for  it  took  about  two  hours  for  the  sewage  to  pass  through  the  entire 
series-  but  still  the  effluent  water  was  very  offensive  and  was  the  cause 
Of  serious  nuisance  to  those  who  had  an  interest  in  the  river  below  the 
works,  or  as  the  report  of  Dr.  Lethby  states:    "The  whole  of  the  works 
are  in  a  very  unsatisfactory  condition,  and  are  a  serious  nuisance  to  the 
neighborhood." 

This  is  only  one  of  manv  examples  that  might  be  cited. 
The  combined  system  of  sedimentation  and  filtration  was  scarcely 
more  successful.  At  Coventry,  for  instance,  the  sewage  was  first  allowed 
to  stand  in  settling  tanks;  it  was  then  filtered  through  a  lateral  filter  of 
coarse  g.avel  (running  the  whole  length  of  the  tank),  150  feet  long,  49 
feet  wide,  9  feet  deep.  From  this  tank  the  sewage  ran  into  another  ot 
of  the  same  dimensions,  from  which  it  passed  through  a  filter  of  the 
same  size  as  the  first,  of  finer  gravel  and  from  that  into  thestream.  The 
sludge  was  mixed  with  the  ashes  and  sweepings  of  the  town  and  com- 
manded a  good  price  as  a  fertilizer,  the  works  being  nearly  self-support- 
ing but  the  purification  was  so  imperfect  that  they  were  abandoned. 

At  Uxbridge  the  sewage  after  standing  in  a  subsiding  tank  was  filtered 
through  charcoal.  This  was  also  found  to  be  so  imperfect  that  it  was 
soon  abandoned. 

The  above  facts  were  obtained  from  reports. 

The  history  of  sewage  treatment  in  England  is  full  of  just  suc-h 
failures  as  are  quoted  above;  for.  while  some  of  the  methods  of  artificial 
filtration  and  sedimeatation  were  nearly  self-supporting,  none  of  them 
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paid,  and  all  of  them  produced  so  poor  an  effluent  that  they  were  soon 
abandoned. 

As  it  became  evident  that  simple  subsidence  and  filtration  could  not 
be  made  to  pay,  more  attention  was  given  to  irrigation  and  chemical 
precipitation.  Where  irrigation  was  adopted  it  was  hoped  that  hj  ap- 
plying the  sewage  to  the  land  and  raising  crops  a  fair  profit  could  be 
made  and  a  jjure  effluent  obtained  at  the  same  time.  And  from  that 
time  until  the  present  day  this  effort  has  been  earnestly  made.  The  re- 
sult is,  however,  that  while  in  the  majority  of  cases  under  proper  and 
careful  management,  and  when  the  climatic  conditions  are  favorable,  a 
good  effluent  is  obtained,  in  no  case,  so  far  as  I  am  able  to  learn,  has  a 
profit  ever  been  made,  for  the  sewage  comes  night  and  day,  in  season 
and  out  of  season,  during  rainy  weather  and  dry  weather,  and  demands 
constant  attention.  The  effect  ui:)on  vegetation  can  be  imagined,  for 
often  the  land  is  soaked  with  about  twice  the  amount  of  water  that 
comes  in  the  rainfall  besides  the  rainfall  itself.  There  are  exceptions  to 
this,  of  course,  but  the  above  statement  is  true  in  most  cases. 

Most  of  the  vegetables  grown  are  very  coarse  and  are  used  principally 
for  feeding  cattle.  Experience  has  shown  that  to  oljtain  anything  like  a 
good  effluent  it  is  necessary  to  provide  one  acre  of  land  for  each  one 
hundred  inhabitants  in  the  district  drained,  that  the  land  so  used  shall 
have  a  subsoil  of  gravel  or  sand,  that  in  many  cases  it  shall  be  properly 
underdrained,  the  drains  being  not  less  than  five  feet  below  the  surface 
of  the  ground,  and  that  in  times  of  heavy  storms  the  sewage  shall  be 
filtered  through  beds  especially  i)repared  for  that  purpose. 

In  many  cases,  however,  this  latter  method  is  not  employed,  the 
sewage  being  simply  turned  into  the  streams  during  storms. 

Meanwhile  the  purification  of  sewage  by  chemical  precipitation  re- 
ceived the  earnest  attention  of  a  large  number  of  scientific  men,  the 
hope  being  entertained  that  by  the  introduction  of  different  chemicals 
into  it,  a  fair  profit  from  the  sale  of  the  sludge  as  a  fertilizer  would  be 
realized,  and  at  the  same  time  a  good  effluent  obtained. 

Companies  were  formed,  and  different  processes  patented,  nearly  all 
of  these  producing  a  fair  effluent,  but  they  were  so  expensive  that  most 
of  the  companies  lost  money,  and  biit  few  of  them  survived.  It  was 
found  that,  Avhile  the  introduction  of  chemicals,  to  a  certain  extent, 
made  the  sludge  more  valuable  as  a  fertilizer,  the  income  derived  from 
the  improvement  was  not  great  enough  to  anywhere  near  pay  the  oper- 
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ating  expenses.  In  fact,  the  disposal  of  the  sludge  was  the  great  draw- 
back to  this  method  of  sewage  treatment;  at  the  present  time  there  is 
very  little  sale  for  it,  and  in  a  great  many  places  the  farmers  will  not 
draw  it  away  if  given  them. 

As  before  stated,  most  of  the  processes  at  first  tried  were  abandoned, 
as  it  was  found  that  the  best  results  were  obtained  by  either  one  of  the 
three  following  methods : 

"The  Lime  Process,"  which  is  the  most  extensively  used,  the 
*'  Coventry  Process,"  and  the  "ABC  Process."  This  latter  method  is 
very  expensive,  and  is  not  in  general  use. 

While  the  disposal  of  the  sludge  was,  and  in  some  cases  is,  a  great 
drawback  to  this  method  of  treatment,  still  there  is  sufficient  merit  in 
the  system  to  induce  about  fifty  cities  and  towns  in  England,  to  adopt  it 
in  some  form. 

The  old  method  of  disposing  of  the  sludge  is  open  to  quite  serious 
objections,  not  only  from  an  economic,  but  from  a  sanitary  point  of 
view.  The  sludge,  which  in  all  cases  contains  about  90  per  cent,  of 
water,  is  spread  upon  land  and  allowed  to  dry  sufficiently  to  handle 
readily,  or  else  is  dried  in  vats  especially  prepared  for  the  iJtirpose.  In 
a.  short  time  it  becomes  more  or  less  offensive,  especially  in  warm 
weather;  and  if  in  close  proximity  to  buildings,  is  a  nuisance.  By  the 
adoption  of  sludge  presses,  however,  this  difficulty  is  entirely  removed, 
for  a  large  percentage  of  the  moisture  is  extracted,  leaving  the  compressed 
cake  in  a  condition  to  be  readily  handled. 

It  is  also  very  much  more  valuable  as  a  fertilizer,  as  the  cakes  can  be 
taken  and  iised  when  fresh,  while  by  the  old  process  of  sun-drying,  a 
large  percentagt''  of  the  manurial  qualities  of  the  sludge  is  lost  by  the 
evaporation  and  exposure  to  the  air. 

At  the  present  time,  chemical  precipitation  is  recognized  in  Eng- 
land, as  being  one  of  the  best  methods  for  treating  large  quantities 
of  sewage. 

Dr.  Frankland,  in  1870,  suggested  downward  intermittent  filtration, 
as  a  means  of  purifying  sewage;  and  this  method  of  purification  was  soon 
adopted  by  Mr.  Bailey  Denton  in  his  practice. 

It  difters  from  broad  irrigation,  in  that,  instead  of  spreading  sewage 
over  a  large  surface  of  ground,  and  having  in  view  the  raising  of 
crops,  as  one  of  the  principal  objects  to  be  attained,  a  small  area  of 
porous  land  is  selected  and  thoroughly  underdrained,  the  tract  being 
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divided  so  that  while  the  sewage  is  applied  to  one  section,  the  other  has 
a  chance  to  rest,  the  object  of  intermittence  being  to  thoroughly  aerate 
the  bed  not  in  use,  so  that  when  the  sewage  is  again  applied,  the  soil 
will  be  in  a  fit  condition  to  purify  it. 

This  method  has  been  adopted  in  several  instances,  where  the 
amount  of  sewage  to  be  treated  is  small,  and  in  many  cases,  in  connec- 
tion with  irrigation  and  precipitation.  It  is  claimed  by  the  advocates  of 
this  method  that  to  properly  purify  the  sewage  the  land  must  be  porous, 
and  must  be  thoroughly  underdrained,  the  drains  being  at  least  five  feet 
below  the  surface  of  the  groimd. 

It  is  claimed  that  the  sewage  from  not  more  than  one  thousand 
people  can  be  applied  to  each  acre  of  prepared  land,  but  this  is  not  advis- 
able unless  the  solids  are  to  some  extent  removed.  And  crude  sewage 
from  not  more  than  five  hundred  persons  can  be  applied  to  each  acre, 
with  good  jjrospects  of  success. 

It  will  be  seen  that  there  are  three  distinct  methods  now  employed 
abroad  for  treating  sewage,  they  being  subject  to  such  modifications  as 
are  necessary  in  designing  works  for  different  localities. 

Irrigation  and  chemical  precipitation  are  the  most  extensively  em- 
ployed, downward  intermittent  filtration  being  princii^ally  used  as  an 
auxiliary  to  one  of  the  other  methods,  although,  as  stated,  there  are 
l^laces  where  a  comparatively  small  quantity  of  sewage  is  to  be  treated, 
where  this  method  alone  is  employed. 

Under  favorable  conditions,  and  when  carefully  and  judiciously 
managed,  the  effluent  obtained  by  either  process  is  fairly  satisfactorily, 
sufficiently  so  in  most  cases,  to  warrant  its  discharge  into  a  stream  not 
used  for  water-supply  purjjoses. 

The  expense  of  treatment  being  considerable,  however,  the  tendency 
is  to  use  the  works  so  as  to  bring  in  the  greatest  income.  This,  judging 
from  the  results  obtained  abroad,  should  never  be  allowed,  for  it  has 
been  found  that  as  the  income  increases,  the  purity  of  the  effluent  is 
very  likely  to  be  affected,  owing  to  the  fact  that  it  is  very  rarely  the 
case,  that  all  the  sewage  can  be  ai^plied  to  the  land  without  injury  to 
plant  life.  This  is  the  reason  why,  on  most  sewage  farms,  the  sewage  is 
turned  into  the  nearest  stream  during  stormy  weather,  or  when  the 
ground  becomes  surcharged  with  water  from  any  cause. 

Now  the  conditions,  climatic  and  other,  that  exist  in  central  Massa- 
chusetts, are  not  as  favorable  to  the  proper  treatment  of  sewage  by 
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irrigation  or  by  filtration,  as  in  England  and  France,  or  even  in  Germany, 
at  Berlin  and  Dantzic. 

Although  the  claim  has  been  made  in  reports  upon  the  subject  that 
there  is  no  material  difference,  I  think,  however,  that  there  is  a  reason- 
able doubt  about  this.  The  following  statements  of  the  difference  in 
temperatures,  will  show  a  decided  difference  in  climatic  conditions  dur- 
ing the  winter  months.  The  temperatures  at  Dantzic  were  obtained  from 
Mr.  Aird,  the  manager  of  the  farm  at  that  place,  and  are  official;  while 
the  temperatures  for  Massachusetts  were  taken  from  the  records  at 
Worcester. 

The  following  table  gives  the  differences  in  temperature  for  five  win- 
ters, beginning  with  December  1st,  1877,  and  ending  March  31st,  1883: 


nivTyir  Average  Monthly 

DANTZIC.  Temperature. 

Decembei*,  1878,  34  degrees  Falir. 
January,      1879,  28 
February,        "32  " 

March,  "33 

Average  by  mos.  31.75         " 


Worcester. 


Average  Monthly 
Temperature. 


December,  1878,  25  degrees  Fahr. 
January,      1879,  20 
February,       "20  " 

March,  "30 

Average  by  mos.  23.75  " 


December,  1879,  27  degrees  Fahr. 
January,      1880,  29 
February,      "31  " 

March,  "36 

Average  by  mos.  30. 75  ' ' 


December,  1879,  28  degrees  Fahr. 
January,      1880,  30 
February,       "27  " 

March,  "29  " 

Average  by  mos.  28.5  " 


December,  1880,  34  degrees  Fahr. 
January,     1881,  23 
February,      "28 
March,  "34 

Average  by  mos.  29.5  " 


December,  1880,  20  degrees  Fahr. 
January,      1881,  16  " 

February,       "23  " 

March,  "32  " 

Average  by  mos,  22.75  " 


December,  1881,  34  degrees  Fahr. 
January,      1882,  37 
February,       "38 
March,  "44 

Average  by  mos.  38.25  " 


December,  1881,  33  degrees  Fahr. 
January,     1882,  21 
February,       "25  " 

March,  '         "32 

Average  by  mos.  27. 75  " 


December,  1882,  20  degrees  Fahr. 
January,      1883,  27 
February,       "30 
March,  "26 


December,  1882,  23  degrees  Fahr. 
January,      1883,  18 
February,       "22  " 

March,  "23  " 


Average  by  mos.  29. 75 


Average  by  mos.  21.5 
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It  will  be  noticed  that  with  the  exception  of  the  winter  of  1879-80, 
the  mercury  ranged  much  lower  here  (Central  Massachusetts)  than  at 
Dantzic,  a  difference  of  from  7  degrees  to  8  degrees  Fahr.  for  the  en- 
tire season,  being  the  general  amount.  This,  of  coiirse,  makes  a  great 
difference  in  frost  penetration,  and  adds  to  the  liability  of  the  ground 
remaining  frozen. 

An  examination  of  the  accompanying  tables  of  daily  temperatures 
shows  that  in  the  five  years  covered  by  the  tables  given  above,  at  Dantzic 
there  were  only  three  days  during  that  jieriod  that  the  thermometer 
registered  below  zero,  the  extreme  being  4  degrees  below,  while  at 
Worcester,  during  the  same  period,  there  were  forty  days  below  zero, 
with  an  extreme  of  18  degrees  below. 

At  Dantzic,  there  were  thirty-eight  days  in  which  the  thermometer 
registered  from  zero  to  10  degrees  above,  while  at  Worcester,  there  were 
124  days. 

At  Dantzic,  there  were  73  days  in  which  the  temperature  was 
between  10  and  20  degrees  above  zero,  while  at  Worcester  there  were 
164  days. 

While  there  were  346  days  at  Dantzic  in  which  the  thermometer 
registered  between  20  and  32  degrees  above,  at  Worcester  there  were 
221  days. 

The  total  number  of  days  covered  by  the  observations  in  the  five 
years  was  606.  Of  this  number  Dantzic  had  460  below  the  freezing 
point,  or  about  75.9  per  cent.,  while  Worcester  had  542  days  or  89.4 
per  cent. 

While  Dantzic  had  only  114  days  below  20  degrees,  or  18.8  per  cent. 
Worcester  had  328,  or  54.1  per  cent. 

At  Berlin  the  sewage  is  stored  in  large  reservoirs  during  the  severest 
portion  of  the  winter,  no  attempt  being  made  to  purify  by  irrigation, 
while  at  Dantzic  it  is  constantly  applied  to  the  land  without  regard  to 
the  weather,  the  manager  stating  tliat  while  the  action  of  the  frost  inter- 
fered somewhat  with  the  operation  of  the  works,  still  the  periods  of 
extreme  cold  were  of  so  short  duration  that  no  serious  difficulty  was 
experienced. 

A  glance  at  the  table  of  temperatures  will  illustrate  this  fact— for 
instance,  from  the  25th  to  the  28th  inclusive  of  January,  1881,  was  the 
coldest  weather  indicated  for  any  four  consecutive  days  in  the  five  years. 
For  the  following  twenty  days  the  temperature  averaged  33  degrees,  one 
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degree  above  tlie  freeziug  point,  so  that  whatever  frost  had  penetrated 
the  grouud  during  the  short  cold  period  -would  undoubtedly  be  removed 
long  before  the  twenty  days  expired.  In  fact  there  could  have  been 
very  little  severe  frost  after  this  time,  for  the  average  temperature  of  the 
month  of  February  fallowing  was  28  degrees  Fahr.,  while  March  had  an 
average  of  34  degrees  Fahr. 

It  is  true  that  here  in  New  England  extremes  of  cold  are  followed 
frequently  by  warmer  periods,  that  is,  the  weather  is  not  excessively 
cold  for  long  periods  of  time,  but  the  reaction  is  not  generally  great, 
and  it  is  almost  too  well  known  a  fact  to  be  commented  ui^on,  that  after 
the  frost  once  enters  the  ground  here,  it  stays  with  almost  constantly 
increasing  depth  until  spring  fairly  opens. 

That  this  difference  in  climatic  conditions  is  likely  to  prove  a  trouble- 
some matter,  if  any  method  of  laud  treatment  is  exclusively  relied  upon, 
there  would  seem  to  be  but  little  doubt. 

Whether  the  excessive  cold  of  our  New  England  winters  would  prove 
to  be  an  insurmountable  obstacle  to  this  method  of  sewage  disposal,  can 
only  be  determined  by  experiments  extending  over  a  series  of  years. 
The  fact  that  there  may  be  some  difficulty  has  been  recognized  in  re- 
ports made  upon  the  subject  by  experts  employed  by  the  State. 

The  Commission  appointed  by  the  State  Board  of  Health  in  1881, 
consisting  of  Charles  F.  Folsom,  M.D.,  Joseph  P.  Davis,  M.  Am.  See. 
C.  E.,  and  Henry  P.  Walcott,  M.D.,  after  carefully  investigating  the 
subject,  say  in  their  report  to  the  Board: 

"Considering  the  extreme  heat  and  cold  of  the  climate,  the  heavy 
rainfall,  and  the  great  dihition  of  the  sewage,  the  difficulties  in  the  way 
of  a  satisfactory  disposal  of  the  sewage  of  Worcester  are  far  beyond 
those  of  any  other  town  where  the  question  has  been  met,  so  that  any 
scheme  that  may  be  proposed  may  be  said  to  be  experimental  to  a  certain 
extent,  and  to  be  successful,  and  not  create  a  greater  nuisance  than  it 
abolishes,  it  must  be  costly  in  the  original  outlay  and  involve  also  a 
considerable  yearly  expense." 

Mr.  Eliot  C.  Clarke,  M.  Am.  Soc.C.  E.,  in  his  report  to  the  Commission 

appointed  by  the  Governor  under  an  Act  of  the  Legislature,  in  1884, 

says  on  page   133,  after   discussing   the   difterent   methods   employed 

abroad  for  sewage  piirification: 

"Almost  all  the  exami)les  of  sewage  treatment  on  which  the  fore- 
going statements  are  based  occur  in  England.  The  conditions,  climatic 
and  other,  existing  in  Massachusetts  are  somewhat  different  from  those 
in  England.  How  far  this  difference  of  conditions  might  affect  the 
choice  of  methods  of  disposal  here,  can  only  be  definitely  learned  by 
experiment." 
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It  would  certainly  seem  from  tlie  above  statements  that  the  persons 
making  the  reports  referred  to  had  some  doubt  as  to  the  successful 
working  of  any  scheme  of  land  purification,  although  they  recommended 
downward  intermittent  filtration. 

The  sewage  farm  at  Pullman,  111.,  has  frequently  been  cited  as  being 
a  place  where  successful  purification  of  sewage  is  accomplished  in  the 
winter,  in  a  climate  similar  to  that  of  New  England. 

In  order  to  fully  satisfy  myself  as  to  the  fact,  I  visited  Pullman  in 
January  of  the  present  year. 

The  farm  has  an  area  of  about  one  hundred  and  forty  acres,  nearly 
all  of  Avhich  is  devoted  to  irrigation;  there  are  ten  acres,  however,  set 
apart  for  a  filtration  area,  this  being  thoroughly  underdrained,  the 
•drains  being  about  twelve  feet  apart. 

Upon  the  day  of  my  visit  it  was  quite  warm,  the  thermometer  regis- 
tering forty  degrees  Fahr.  I  found  that  the  sewage  was  all  being 
discharged  ujion  the  filtration  area,  the  first  section  of  which  was  cov- 
ered Avith  sludge  to  a  depth  of  about  a  foot.  The  sewage  was  running 
over  this,  to  the  second  section  which  was  i^artially  covered  with  ice, 
and  then  over  the  remaining  area  which  was  entirely  covered  with  ice, 
and  was  finally  discharged  into  the  effluent  trench  without  having  been 
filtered  in  the  least. 

I  was  told  that  not  a  particle  of  sewage  has  been  applied  to  the  farm 
proper  during  the  winter,  it  all  having  been  simply  passed  over  the  area 
as  already  described. 

Mr.  B.  S.  Brundell,  C.  E.,  M.  Inst.  C.  E.,  one  of  the  ablest  sanitary 
•engineers  in  England,  and  a  gentleman  who  has  constructed  many  sew- 
age farms,  among  the  niimber,  the  farm  at  Doncaster,  which  is  one  of  the 
most  successful  farms  in  operation  (from  a  sanitary  point  of  view)  in 
England,  says  in  a  letter  to  me  on  the  subject: 

"  Our  winters  here,  although  adding  to  the  trouble  of  sewage  irriga- 
tion, do  not  make  it  impossible.  The  temperature  of  the  sewage, 
when  it  reaches  the  land  is  sufficiently  high  to  'keep  the  outfalls  open; 
but  of  course  when  it  spreads  upon  the  land  it  soon  becomes  frozen, 
and  remains  a  glazed  surface  until  the  thaw  sets  in  when  it  is  gradually 
absorbed  by  the  land. 

"I  do  not  feel  able  to  give  an  opinion  as  to  how  far  this  process 
would  be  limited  by  the  degree  of  cold  to  which  you  are  liable,  but  I 
foresee  very  considerable  difficulty  in  the  matter." 

Mr.  James  Mansergh,  C.  E.,  M.  Inst.  C.  E.,  in  answer  to  a  similar 
inquiry,  says: 
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"  I  liave  carefully  considered,  in  the  light  of  my  exi^erience  in  Eng- 
land, Avhether  under  such  conditions  as  these,  the  disj^osal  of  sewage  by 
way  of  liroad  irrigation  and  downward  intermittent  filtration  may  be 
counted  on  as  a  reliable  and  satisfactory  mode  of  treatment.  I  have 
heard  that,  in  the  severe  winters  we  have  had  here  since  1878,  it  has 
been  with  some  difficulty  that  trouble  has  been  avoided  on  more  than 
one  farm. 

"Under  the  conditions  you  have  described  to  me,  I  should  have  very 
great  hesitation  in  recommending  the  process  of  broad  irrigation  and 
intermittent  filtration  as  reliable  modes  of  disposing  of  the  sewage  and 
l^reventing  the  pollution  of  the  river, 

"I  should  fear  that  during  such  frosts,  as  you  tell  me  not  unfre- 
quently  2)revail,  the  ground  would  get  frozen  so  hard  as  to  render  it 
impervious  to  the  sewage  which  would  then  simply  flow  over  the  surface 
into  the  river  or  its  tributaries  in  a  crude  condition. 

"In  order  to  acquaint  myself  more  i^articularly  with  the  relative 
temperatures  at  Worcester,  U.  S. ,  and  England,  I  have  obtained  certain 
statistics  from  Mr.  G.  W.  Symonds,  F.  E.  S. ,  which  I  have  embodied  in 
the  accompanying  diagram." 

I  will  not  show  Mr.  Mansergh's  diagram  here,  but  will  simi^ly  say 
that  it  shows  the  difference  in  temperature  between  Massachusetts,  Eng- 
land, and  Germany,  the  figures  corresponding  very  closely  with  those 
given  above.    In  conclusion  he  says: 

"All  these  figures  confirm  me  in  my  opinion  that  it  would  not  be 
prudent  to  trust  to  getting  rid  of  sewage  satisfactorily  at  Worcester  by 
the  irrigation  process." 

The  great  difference  in  the  amount  of  annual  rainfall  is  also  an  im- 
i:)ortant  factor  to  be  considered.  The  greatest  rainfall  given  at  any 
place  visited  was  at  Wigan,  where  the  average  is  about  forty  inches  per 
annum,  while  the  smallest  amount  was  at  Barnsley,  where  the  average 
was  given  as  28i^y  inches  per  annum.  The  average  of  all  i^laces 
visited  was  34  inches  per  annum. 

At  Worcester  the  average  is  about  forty -eight  inches  per  annum,  the 
lowest  recorded  amount  for  one  year  being  34.5  inches,  or  about  the 
same  as  the  average  amount  at  the  places  where  inquiry  was  made,  while 
the  greatest  recorded  rainfall  for  one  year  at  Worcester  is  61.48  inches. 

Now  it  is  generally  the  experience  abroad  that  during  storms  the 
sewage  has  to  be  disposed  of  in  some  other  way  than  by  irrigation,  the 
ground  being  frequently  surcharged  with  water,  rendering  it  incajjable 
of  purifying  the  sewage  at  all.  With  the  large  rainfall  here,  this  diffi- 
cu.lty  would  be  very  much  increased. 

Aside  from  the  difficulties  caused  by  climatic  ditierences,  there  is 
still  another  objection  to  irrigation    in  the  case  of    a  city  or  town 
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situated  as  Worcester  is,  at  tlie  head  of  a  large  manufacturing  stream, 
where  every  drop  of  water  running  in  the  river  is  utilized  for  jsower.  I 
refer  to  the  loss  of  water  by  this  means  of  sewage  disposal.  Just  what 
the  amount  would  be  that  the  vegetation  would  absorb,  and  that  would 
<evai3orate,  can  only  be  determined  by  actual  trial. 

At  Berlin,  the  experiments  show  that  at  least  30  per  cent,  is  retained, 
while  at  Doncaster  most  of  the  water  is  lost  in  this  way,  the  reason 
being  that  only  a  small  quantity  of  sewage  is  applied  to  any  one  piece 
of  land,  the  intention  being  not  to  apply  more  than  would  come  in  an 
ordinary  rainfall.  That  the  loss  of  water  would  be  considerable,  there 
can  be  no  doubt. 

The  above  are  the  principal  objections  to  irrigation  so  far  as  localities 
similar  to  central  Massachusetts  are  concerned.  While  they  are  more 
or  less  local  in  their  character,  there  is  danger  that  by  the  adoption  of 
irrigation,  especially  when  a  large  quantity  of  sewage  is  to  be  treated, 
the  irrigation  fields  will  become  a  greater  nuisance  than  the  one 
which  is  to  be  abated.  In  other  words,  it  takes  the  most  careful  man- 
agement to  prevent  a  sewage  farm  from  becoming  offensive. 

My  own  observation  was,  that  at  about  one-half  the  places  visited, 
more  or  less  odor  was  noticeable.  The  weather  was  quite  favorable, 
however,  it  being  in  the  fall. 

The  great  danger  here  woiild  be  with  the  greater  amount  of  heat  in 
the  summer,  and  great  care  would  have  to  be  exercised  to  prevent  more 
sewage  being  applied  to  the  land  than  would  be  readily  absorbed. 

That  this  trouble  is  recognized  in  England,  the  report  of  the  Royal 
Oommission  on  Metropolitan  Sewage  Discharge,  for  1884,  will  show. 

I  will  not  attempt  to  quote  from  that  rejjort  here,  but  there  is 
abundant  testimony  that  the  irrigation  fields,  esijecially  when  they  are 
located  near  dwellings,  are  at  times  very  offensive. 

What  has  been  said  in  relation  to  treating  sewage  by  irrigation,  ap- 
plies also  to  downward  intermittent  filtration,  so  far  as  the  effect  of  the 
climatic  and  other  conditions  are  concerned;  in  some  respects,  however, 
not  to  so  great  an  extent ;  for  instance,  the  amount  of  water  lost  by 
evaporation  and  absorption  would  not  be  as  great,  the  effect  of  severe 
frosts  would  probably  be  about  the  same,  as  in  order  to  obtain  an 
effluent  that  is  at  all  satisfactory  the  application  (as  the  name  of  the 
system  implies)  must  be  intermittent ;  it  will  not  do  to  simply  turn  the 
sewage  constantly  over  a  single  area  of  imderdrained  land  and  expect 
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that  a  clear  effluent  will  be  obtained  ;  tlie  land  must  have  rest.  *'  The 
intermittency  is  a  sine  qua  non  even  in  suitably  constituted  soils,  when- 
ever complete  success  is  aimed  at."  The  danger  would  be  ^that  after- 
one  filtration  area  has  received  all  the  sewage  that  can  be  applied  at  one 
time,  and  before  the  relatively  warm  sewage  can  be  again  apj^lied 
(generally  after  three  or  four  days),  the  ground  would  be  frozen  to  such 
an  extent  that  filtration  would  not  take  place. 

The  temperature  of  the  sewage  has  therefore  much  to  do  with  the 
length  of  time  that  the  ground  can  be  kej^t  oiaen,  and  also  with  the  ex- 
tent of  the  area  upon  which  sewage  can  be  applied  in  cold  weather. 
There  were  only  two  places  that  I  visited  where  a  record  had  been  kept  of 
the  temperature  of  the  sewage,  viz.,  at  Berlin  and  Paris.  At  the  former 
place  the  lowest  temperature  reached  in  winter  was  45  degrees  Fahr. , 
while  at  the  latter  place  the  minimum  was  41  degrees  Fahr.  At  Pull- 
man there  has  been  no  record  kept,  so  I  was  told,  but  the  sewage  must 
be  very  warm,  as  the  "seiiarate  system"  of  sewers  is  in  use,  and 
nothing  but  house  drainage  is  allowed  to  enter  the  seAvers,  all  surface 
water  being  excluded. 

At  Worcester  the  sewers  have  all  been  constructed  to  receive  drainage 
of  every  nature.  All  surface  water  is  conducted  to  them,  and  in  con- 
sequence the  temjDerature  of  the  sewage  is  at  times  very  low.  The  record 
shows  that  in  the  main  lateral  sewers  as  low  as  33  degrees  Fahr.  is 
reached.  It  is  probable  therefore  that  sewage  taken  from  them  and 
applied  to  the  land  would  freeze  quickly  and  could  not  be  depended 
upon  to  keep  the  ground  free  from  frost. 

The  advantage  that  intermittent  filtration  would  have  over  broad 
irrigation,  is  that  a  much  smaller  area  of  land  would  be  required,  and 
the  raising  of  crojis  would  have  to  be  made  of  secondary  importance. 
In  fact  it  would  be  much  better  not  to  attempt  to  raise  crops  at  all,  as 
the  income  derived  therefrom  would  be  small,  and  the  tendency  would 
probably  be  to  neglect  the  piirification  of  the  sewage  in  order  to  derive 
as  large  an  income  as  possible  from  the  land. 

It  must  be  understood  that  in  order  to  obtain  a  good  effluent,  es- 
pecially when  the  area  of  land  is  limited,  some  means  of  separating  the 
sludge  from  the  sewage  is  almost  absolutely  necessary  to  prevent  the 
ground  from  clogging.  This  fact  is  recognized  by  English  authorities 
and,  as  before  shown,  this  method  of  sewage  treatment  has  been  rarely 
used  excej)t  as  an  auxiliary  to  irrigation  or  precipitation. 
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Cliemical  precipitation  would  not  be  sul>ject  to  tlie  objections  spoken 
of  above,  and  where  the  sewage  has  to  be  treated  constantly,  through  the 
entire  year,  would  seem  to  be  a  method  that  presents  many  advantages. 
Much  depends,  however,  upon  the  conditions  that  exist  in  different 
localities.  No  fixed  rule  can  be  laid  down  as  the  only  one  to  be  fol- 
lowed, but  the  solution  of  the  method  to  be  used,  must  be  determined, 
it  seems  to  me,  only  after  a  most  careful  and  conscientious  study  of  ex- 
isting circumstances.  For  the  City  of  Worcester  I  have  recommended 
chemical  precipitation,  with  the  possible  addition  of  a  filtration  area, 
to  be  used  in  connection  with  the  precipitation  works  during  the  sum- 
mer months.  , 
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Eliot  C.  Clarke,  M.  Am.  Soc.  C.  E. — I  fear  I  cannot  add  much  to 
■what  has  been  presented  ;  but  as  the  sewage-disposal  works  at  Medfiekl, 
designed  by  me,  have  been  referred  to,  I  will  give  a  brief  description  of 
them.  The  state  of  things  which  called  for  some  remedy  was  this  : 
Medfiekl  is  a  country  village  with  a  single  large  factory  where  straw 
braid  is  sewed,  dyed  and  shaped  into  hats  and  bonnets.  Through  the 
village  flows  a  brook  into  which  the  factory  and  also  some  of  the  houses 
drained.  This  brook  was  thus  rendered  very  foul  and.  offensive.  The 
greater  part  of  the  pollution  was  due  to  the  factory  drainage,  which, 
roughly  estimated,  amounted  to  36  000  gallons  a'day.  Abutters  on  the 
lower  part  of  the  brook  made  frequent  complaints,  and  threatened  suits 
and  injunctions.  It  was  feared  that  the  factory  would  be  closed  or  be 
driven  from  the  town.  The  problem  was  :  to  dis^Dose  of  the  factory  sew- 
age without  causing  any  nuisance  and  without  polluting  Charles  River,  in 
whose  watershed  Medfleld  lies,  this  river  being  used  below  as  a  source 
of  domestic  water  sixpply.  What  was  done  was  this  :  A  drain  was  built, 
extending  from  the  factory,  about  a  mile,  to  a  tract  of  gravelly  soil  on 
the  outskirts  of  the  village,  where  a  square  acre  was  prepared  as  a  filter 
bed,  and  the  sewage  disposed  of  upon  it  by  intermittent  filtration. 

A  Member. — How  large  was  the  population  ? 

Mr.  E.  C.  Clarke. — Five  hundred  ojieratives  are  employed  in  the 
factory,  and  the  water  closets  used  by  them  connect  with  the  sewer. 
About  half  a  dozen  liouses  also  are  at  joresent  connected.  Medfiekl  has 
no  other  sewers  ;  but  when  any  are  built,  this  one  can  be  used  as  an  out- 
let for  them.  Then  the  filter  beds  may  need  to  be  enlarged.  At  present 
the  chief  source  of  pollu.tion  in  the  sewage  is  manufacturing  refuse  from 
the  factory.  Some  of  this  refuse,  as,  for  instance,  the  ground  dye 
woods,  might  have  caused  trouble  by  settling  in  the  sewer  and  clogging 
it.  To  jn-event  this,  such  matters  are  arrested  by  sulisidence  and  filtra- 
tion at  the  factory,  before  the  waste  water  containing  them  is  admitted 
to  the  sewer.  This  is  done  by  causing  the  sewage  to  flow  first  through  a 
large  tank,  divided  into  several  comiiartments  by  bridge  walls,  over 
which  the  sewage  flows.  In  these  compartments  much  of  the  bark  set- 
tles. In  the  last  compartment  is  a  large  mattress  of  excelsior  through 
which  the  sewage  is  made  to  filter  upwards,  by  which  all  but  the  finest 
particles  are  intercepted. 

Still  the  sewage  is  very  dark  colored  and  foul  looking  w^hen  it  reaches 
the  filtration  area.  This  area  is  nearly  square,  an  acre  in  extent,  and  is 
divided  by  two  low  banks  bisecting  it  at  right  angles  to  each  other,  into 
four  square  quarters  of  an  acre.  The  sewer  ends  at  the  middle  of  the 
large  area  and  its  outlet  is  so  arranged  that  the  sewage  can  be  turned 
upon  any  one  of  the  four  quarter-acre  2)lots.  It  has  been  the  practice  to 
let  the  sewage  run  for  two  days  upon  one  plot,  then  change  it  for  two 
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days  to  the  next  i^lot,  and  so  on  to  each  in  rotation.  Thus  each  plot 
receives  the  sewage  for  two  days  and  rests  for  six  days  before  receiving 
its  next  dose. 

The  works  were  completed  and  filtration  began  in  November,  1886, 
just  before  the  advent  of  freezing  weather.  As  is  usual  in  such  cases, 
the  selectmen  and  other  inhabitants  of  the  town  predicted  dire  results 
as  sure  to  be  caused  by  the  effect  of  frost  on  the  sewage  and  the  filter 
beds.  The  first  Avinter  was  a  cold  one;  13  degrees  below  zero  Fahr.  was 
noted  one  day  at  the  filtration  area,  but  there  was  no  trouble  on  that 
account.  A  thin  sheet  of  ice  formed,  but  the  sewage  flowing  beneath  it 
thawed  the  ground  and  filtered  through  it. 

This  area  is  not  underdrained.  It  was  important  to  avoid  all  unnec- 
essary expense,  and  as  the  soil  was  very  porous  and  the  ground  water 
low,  I  thought  drains  could  be  dispensed  with,  as  jDroved  to  be  the  fact. 
Consequently,  the  immediate  effluent  from  the  filter  beds  cannot  be  seen. 
It  appears,  however,  a  short  distance  away.  The  filter  beds  were  graded 
on  sloping  land,  and  at  the  bottom  of  the  slope,  a  few  hundred  feet  from 
the  beds,  is  a  flowing  spring  which  undoubtedly  receives  all  of  the  fil- 
tered sewage.  The  flow  from  the  spring  has  about  doubled  since  the 
works  went  into  operation,  and  the  water  is  just  as  limpid  and  tastes  as 
well  as  it  did  before.  No  one  drinking  it  would  suspect  that  it  was  not 
good  clean  sirring  water. 

I  wish  we  might  rid  ourselves  of  this  bugbear  of  the  injurious  effect 
of  frost  upon  sewage  disposal.  The  Pullman  works  are  instructive 
on  this  ijoint.  There  800  000  gallons  of  sewage  a  day  are  disposed  of, 
and  in  the  winter  it  is  turned  upon  two  or  three  acres  of  filter  beds 
which  are  used  for  months  at  a  time.  Of  course  that  is  too  long  a  period 
to  produce  good  results  and  the  surface  of  the  ground  becomes  clogged 
by  sediment;  but  the  ground  does  not  freeze.  I  once  visited  the  Pull- 
man works  in  winter  when  the  weather  had  been  very  cold.  For  about 
a  week  the  mercury  had  been  below  zero .  It  had  been  as  low  as  twenty 
degrees  below,  and  on  the  day  of  my  visit  registered  twelve  below.  The 
ice  on  the  surface  of  the  sewage,  in  places,  was  10  inches  thick.  I  cut  a 
hole  through  it  and  found  the  ground  beneath  perfectly  open.  The 
sewage  was  filtering  through  the  ground  Avithout  regard  to  the  frost. 
There  was  too  much  sewage  for  the  area  of  laud  used  and  the  effluent 
was  quite  dirty.  The  soil  at  the  Pullman  farm  is  not  suitable  for  puri- 
fying large  quantities  of  sewage.  From  my  own  experience:  given  good, 
l^orous,  gravelly  land,  such  as  we  had  at  Medfield,  I  would  not  be  afraid 
to  apply  100  000  gallons  of  ordinary  sewage  to  each  acre  throughout  the 
year.  There  would  be  no  danger  of  the  soil  clogging  in  time.  At  Med- 
field,  as  at  other  filtration  areas  I  have  seen,  the  solid  particles  in 
the  sewage  form  a  thin  deposit,  entirely  upon  the  surface  of  the  ground. 
They  do  not  penetrate  it  at  all.  By  leaving  the  land  unused  for  a  few 
days  this  thin  scum  of  deposit  dries,  cracks  and  curls  up  in  detached 
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pieces.  When  too  much  of  it  lias  accumulated,  it  can  be  raked  oflf  of 
the  surface  of  the  ground. 

I  have  visited  from  twenty  to  thirty  sewage-disposal  works  in  England 
and  I  thought  that  the  most  successful  ones  were  those  which  practiced 
intermittent  filtration.  When  this  method  was  not  successful  it  seemed 
to  be  due  to  the  fact  that  the  j^rimary  object,  i.  e.,  the  purification  of 
the  sewage,  was  interfered  with  by  an  attempt  to  make  money  by  culti- 
vating the  filtration  areas, 

L.  B.  Ward,  M.  Am.  Soc.  C.  E. — I  would  like  to  ask  what  were 
the  results  of  your  observation  in  regard  to  the  sense  of  smell  ? 

Mr.  E.  C.  Clarke. — At  well-managed  sewage  farms  there  was  little, 
if  any,  smell.  Some  of  the  English  farms  are  very  large,  and  the 
farmers  and  laborers,  with  their  families,  live  in  cottages  surrounded 
by  the  irrigated  fields.  Neither  adults  nor  children  seem  to  suffer 
thereby.  I  noticed  the  children  especially,  and  they  looked  as  sturdy 
as  any  that  I  saw  elsewhere.  On  muggy  days,  when  the  air  is  heavy, 
and  everything  which  can  give  out  a  smell  does  so,  a  slight  odor  will  be 
noticed  at  even  a  well-managed  farm.  But  it  is  not  a  strong  nor  an 
offensive  odor  and  peoj^le  do  not  seem  to  mind  it.  The  Vice-President 
of  the  Pullman  Company  lives  contentedly  in  a  very  handsome  house 
within  a  few  hundred  feet  of  the  sewage  farm.  Mr.  Martin,  the  Super- 
intendent of  the  farm,  with  his  family,  lives  in  a  nice  house  situated 
near  to  the  center  of  the  farm.  He  says  that  he  is  not  troubled  by  any 
offensive  odors.  There  is  a  village  growing  up  on  land  contiguoiis  to 
the  farm.  Certainly  people  would  not  settle  there  and  build  houses  if 
they  were  exposed  to  bad  smells.  The  fact  is,  that  fresh  sewage 
applied  i>romptly  to  land  in  a  thin  sheet  does  not  give  oflf  any  bad 
smell ;  but  if  it  is  permitted  to  stand  stagnant  in  a  ditch  or  pool  until  it 
putrifies,  it  becomes  oflfensive.  Ditches  therefore  are  to  be  avoided  in 
connection  with  land  purification.  It  is  better  prtictice  to  draw  the 
sewage  upon  the  land  from  hydrants  or  from  smooth  channels,  elevated 
above  the  general  surface  of  the  ground.  With  such  jirecautions  and 
with  soil  of  suitable  character,  sewage  filtration  can  be  carried  on  with- 
out risk  of  causing  any  nuisance. 

A  Member. — What  is  the  dejith  of  the  sewage  on  the  Medfield  quar- 
ter of  an  acre  filter  beds  ?  What  is  the  depth  of  the  sewage  deposited 
on  them  ? 

Mr.  E.  C.  Clarke. — It  cannot  bs  said  that  there  is  any  dejith  to  the 
S3wage,  becaus3  no  one  of  the  quarter-acre  plots  has  ever  been  entirely 
covered.  That  is,  the  sewage  sinks  into  the  ground  before  reaching  the 
farther  side  of  the  plot.  The  farthest  point  ever  reached  by  the  sewage 
inflowing,  before  it  sinks  into  the  ground,  is  readily  determined,  because 
the  sewage  is  full  of  dye  stutis  and  discolors  tlu^  gravel  surfaces  of  the 
beds  wherever  it  reaches  them.  Roughly  spe;ikiug,  about  one-half  of 
each  bed  shows  such  discoloration,  or  did  s  >  the  last  time  I  saw  them. 
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A  Member.— Do  you  remember  tlie  depth  of  tlie  gravel  bed  ? 

Mr.  E.  C.  Clakke. — It  is  a  natural  gravel  formation  and  I  do  not 
know  its  deptli.  I  liad  a  pit  dug  from  eight  to  ten  feet  deep  to  deter- 
mine the  elevation  of  the  ground  water.  To  that  de^jth  the  character  of 
soil  was  uniform,  consisting  of  pebbles  of  various  sizes,  the  interstices- 
being  filled  with  coarse  sand.  If  the  soil  water  bad  been  less  than  eight 
feet  below  the  surface  under-drainage  might  have  been  necessary. 

A  Member. — It  has  a  sloping  surface  ? 

Mr.  E.  C.  Claeke. — The  land  was  inclined,  but  we  graded  it  to  a  nearly- 
level  plane.  We  made  the  center  of  the  large  area,  where  the  sewer 
outlet  is,  a  little  the  highest,  so  as  to  cause  the  sewage  to  flow  over  the 
beds.  The  inclination  downwards  from  the  point  where  the  sewage 
enters  a  bed  is  about  six  inches  in  a  hundred  feet. 

J.  S.  Schaeffee,  M.  Am.  Soc.  C.  E. — There  are  many  systems  where 
you  admit  all  the  drainage  water  directly  into  the  sewers  ? 

Mr.  E.  C.  Claeke. — You  cannot  bave  a  perfect  system  of  purification 
where  you  admit  surface  water  into  the  sewers.  Of  course,  during 
dry  seasons  such  a  system  will  work  as  well  as  any  other,  there  being- 
nothing  but  the  ordinary  sewage  proper  to  be  disposed  of.  But  when 
the  sewers  are  flowing  full  with  rain  water,  the  amount  of  sewage  will 
be  too  great  to  be  adequately  treated  in  any  way.  At  such  times  the- 
greater  part  of  it  must  overflow^  into  the  water-courses.  It  will  be 
so  dilute  that  usually  no  nuisance  will  be  caused  by  such  occasional 
overflow  and  if  it  is  only  necessary  to  avoid  causing  a  nuisance  such  a 
system  will  be  projier.  But  when  there  are  legal  restrictions  or  other 
reasons  against  discharging  any  sewage  without  purification,  this  can 
only  be  accomplished  by  building  a  separate  system  of  sewerage. 

Mr.  Schaeffee. —I  would  like  to  ask  whether  the  water  has  been 
chemically  analyzed  ? 

Mr.  E.  C.  Claeke.— The  State  Board  of  Health  made  an  analysis, 
but  I  have  not  seen  the  result.  I  understand  that  it  showed  marked  evi- 
dence of  previous  sewage  contamination,  but  also  showed  that  all  organic 
matters  had  been  changed  into  harmless  products,  and  that  the  water 
was  entirely  potable. 

Mr.  Waed. — Where  this  sewage  is  used  on  the  farms,  what  is  your 
information  in  regard  to  the  quality  of  the  vegetables? 

Mr.  E.  C.  Claeke. — I  only  know  what  I  bave  been  told.  At  the  market 
gardens,  near  Paris,  which  are  irrigated  with  sewage,  they  said  that  the 
vegetables  were  greatly  improved,  and  were  in  much  request  at  the  clubs. 
Mr.  Martin,  the  Superintendent  of  the  Pullman  farm,  tells  me  that  he 
gets  the  finest  celery  to  be  foiind  anywhere.  It  may  well  be  so.  There 
are  farms  in  the  vicinity  of  Boston  devoted  to  raising  garden  truck  where 
during  certain  seasons  of  the  year,  water  for  irrigation  is  purchased  at 
the  rate  of  two  cents  i^er  one  hundred  gallons,  and  is  used  at  the  rate  of 
500  000  gallons  a  day.     For  this  pur^jose  sewage,  unless  it  contained  too 
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much  manufactnriug  refuse  ought  to  be  -worth  as  much  as  pure  water, 
or  a  little  more.  At  the  Pullman  farm,  sewage  is  ouly  aiiplied  to  such 
vegetables  as  -will  be  benefited  by  it.  Potatoes  never  receive  any  of  it. 
This  farm  is  said  to  clear  a  profit  of  §5  000  a  year,  which  does  not  seem 
to  be  very  much  for  a  farm  of  its  size.  Still  Mr.  Martin  thinks  that  hav- 
ing the  sewage  water  to  use  whenever  it  is  needed,  is  of  great  advantage 
to  him.  I  understand  that  loamy  and  clayey  soils  are  somewhat  more 
benefited  by  the  application  of  sewage  than  are  sandy  soils.  Perha^JS 
this  is  because  they  are  more  rich  in  humic  acids  which  fix  and  retain 
the  ammonia  contained  by  the  sewage.  A  clay  soil,  however,  can  dis- 
pose of  so  little  sewage  that  it  is  necessary  to  use  a  very  much  larger 
area  of  it. 

A  Member. — How  much? 

Mr.  E.  C.  Clarke. — It  depends  entirely  upon  the  character  of  the  soil. 
I  cannot  say  exactly;  at  least  ten  times  as  much. 

F.  P.  Stearns,  M.  Am.  Soc,  C.  E. — There  is  one  point  which  I  think 
deserves  consideration  in  connection  with  the  question  of  the  winter 
disj^osal  of  sewage  upon  land,  and  this  is  the  temperature  of  the  sewage. 
This,  in  many  cases,  depends  chiefly  iipon  the  temperature  of  the  water 
supply. 

In  Boston  the  water  drawn  from  the  pipes  in  winter  has  a  tempera- 
ture of  37  degrees,  and  the  sewage  as  it  enters  the  reservoir  of  the  main 
drainage  works  is  at  43  degrees.  Late  in  the  autumn  or  early  in  the 
spring  when  the  water  is  somewhat  warmer,  the  sewage  is  also  warmer 
by  about  the  same  amount. 

Water  taken  from  Massachusetts  rivers,  when  covered  with  ice,  is 
very  near  the  freezing  point;  while,  on  the  other  hand,  water  drawn  from 
a  well  or  other  ground-water  source  has,  even  in  winter,  a  temperature 
of  about  fifty  degrees. 

In  the  coldest  weather  in  winter  I  have  observed  the  temperature  of 
sewage  discharged  upon  a  disposal  area  at  one  public  institution  to  be 
41  degrees,  at  another  51  degrees,  while  in  another  instance  in  which 
the  water  supply  comes  from  the  ground  and  the  sewage  is  warmed  to 
a  considerable  extent  by  the  discharge  of  hot  water  from  a  factory,  the 
temperature  is  as  high  as  60  degrees. 

While  it  is  probable  that  the  coldest  sewage  may  be  disposed  of  upon 
land  in  winter  in  this  climate,  such  disposal  may  be  more  confidently 
advised  where  the  sewage  is  warmer,  and  in  seeking  for  precedents  it  is 
desirable  to  know  the  temperature  of  the  sewage  as  well  as  the  severity 
of  the  winters. 

Robert  Moore,  M.  Am.  Soc.  C.  E.— I  think,  Mr.  President,  this 
trouble  which  Mr.  Allen  speaks  of,  of  danger  of  failure  from  cold 
weather,  if  it  were  a  real  one,  would  occur  in  the  winter.  In  very 
•cold  weather,  when  the  windows  are  closed  there  would* be  no  iucou- 
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venience  caused  hy  it.  If  the  sewage  were  turned  into  the  streams  so 
that  no  decomposition  takes  place,  the  conditions  which  would  cause  a 
nuisance  would  be  absent.  I  think,  at  Pullman,  there  is  no  trouble  at 
all  in  the  winter.  The  sewage  itself  is  of  a  comparatively  inoffensive 
character,  but  the  whole  process  is  conducted  so  carelessly  that  if  any 
trouble  would  arise  anywhere  it  would  arise  there. 

EMUi  KuiCHLiNG,  M,  Am.  Soc.  C.  E. — It  is  a  matter  of  some  impor- 
tance in  this  discussion  to  draw  a  line  of  distinction  between  the  uses  to 
which  the  effluent  is  put.  It  has  been  found,  I  think,  by  recent  in- 
vestigations in  England  and  elsewhere,  that  the  filtration  of  seAvage 
through  gravel  is  simply  a  mechanical  separation  or  removal  of  the 
particles  held  in  suspension,  and  that  no  appreciable  portion  of  the 
matter  in  solution  is  removed  thereby;  hence,  if  the  effluent  is  to  be  ad- 
mitted into  a  stream  from  which  water  is  to  be  taken  for  drinking  pur- 
poses, the  quality  of  the  effluent  is  a  thing  to  be  very  carefully  con- 
sidered. This  is  to-day,  a  matter  of  very  serious  consieleration,  even  in 
jilaces  where  the  filtration  takes  place  through  fine  sand,  or  sandy  loam. 
Perhaps  the  most  extensive  recent  investigations  of  this  kind  are  those 
conducted  by  Professor  Alexander  Miiller,  of  Berlin,  who  was  con- 
nected with  the  sewage  commission  of  that  city,  and  the  investigations 
made  by  him  led  to  the  conclusion  that  the  subsoil  water  might  become 
seriously  i^olluted  by  the  percolation  from  a  sewage  farm.  In  1885  Pro- 
fessor Muller  submitted  a  report  to  the  German  Agricultural  Council, 
in  which  serious  attacks  were  made  on  the  quality  of  the  effluents  from 
the  Berlin  sewage  farms,  a  portion  of  which  goes  into  the  Biver  Spree, 
above  the  water-works'  intake.  In  this  investigation  it  was  found  that 
a  contamination  of  the  subsoil  water  had  actually  taken  place.  The  soil 
on  these  farms  and  vicinity,  for  miles  in  extent,  is  a  fine  sandy  loam  of 
indefinite  depth. 

Professor  Muller  states  that  when  such  lands  are  heavily  irrigated, 
the  amount  of  organic  matter  conveyed  by  the  sewage  may  easily  reach 
a  limit  which  threatens  not  only  the  existence  of  the  food-plants  grow- 
ing upon  the  surface,  but  also  that  of  the  nitrifying  ferments  or  organ- 
isms contained  in  the  soil.  Under  these  conditions,  the  tendency  is  to 
bring  about  a  slow  putrefaction  of  the  organic  substances,  with  the  de- 
velopment of  products  of  a  more  or  less  noxious  character,  instead  of 
the  desirable  rapid  decomposition  or  nitrification.  The  excess  of  solu- 
ble organic  matter  must  accordingly  pass  into  the  ground  water,  where 
it  serves  as  nutriment  for  a  different  class  of  microbes,  whose  presence 
or  development  may  perhaps  be  very  undesirable  w^hen  such  water  is 
used  for  drinking  purposes.  Some  of  these  i^roducts  of  putrefaction 
are,  moreover,  known  to  be  active  poisons,  and  should  therefore  be  ex- 
cluded as  far  as  possible  from  subterranean  water  supplies.  Difficulties 
of  this  kind  are  liable  to  occur  when  large  volumes  of  sewage  are  fil- 
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tered  through  very  porous  soils  of  considerable  dei:)th,  aud  the  pollu- 
tion of  the  subsoil  water  has  been  traced  for  long  distances  beyond  the 
boundaries  of  the  filtration  area.  Care  should  accordingly  be  taken  to 
locate  the  sewage  irrigation  fields  in  places  where  it  can  be  reasonably 
well  demonstrated  that  the  ground  water  soon  finds  its  way  into  a 
natural  stream,  where  the  process  of  nitrification  of  the  dissolved  or- 
ganic matter  can  be  completed  after  a  run  of  a  number  of  miles,  freely 
exposed  to  the  action  of  the  atmosphere. 

Now,  in  discussing  the  subject  of  sewage  disposal  by  irrigation  or 
filtration,  the  important  point  to  be  Iwrne  in  mind  is  the  amount  of 
liquid  to  be  dealt  with.  From  this  only  can  the  reduction  to  number 
of  persons  per  acre  per  year  be  made.  The  estimates  found  in  profes- 
sional literature,  however,  are  usu.ally  given  in  the  latter  form,  and  are 
therefore  very  often  misleading,  inasmuch  as  they  always  refer  to  rates 
of  water  consumption  which  are  much  less  than  what  we  find  to  be  the 
case  in  American  cities.  The  use  of  water  in  English  aud  European 
cities  ranges  from  30  to  60  gallons  per  head  per  day,  while  we  have  here 
a  consumption  of  from  60  to  150  gallons,  of  which  a  large  proportion  is 
waste;  but  everything  is  sewage  which  issues  from  the  sewers,  and 
therefore,  in  the  consideration  of  sewage -disposal  projects  for  our  cities, 
the  area  required  for  irrigation  or  filtration  must  be  correspondingly  in- 
creased above  the  estimates  based  upon  the  foreign  rates  of  water  swp- 
ply.  The  recognition  of  the  influence  of  variability  of  the  use  or  waste 
of  water  in  different  places  has  latterly  led  to  the  introduction  of  a  new 
and  better  standard  for  estimating  the  required  area  of  land,  and  which 
is  based  upon  the  weight  or  volume  of  sewage  that  can  be  thrown  upon 
an  acre  of  land  per  day  or  per  year.  If  I  remember  right,  the  evidence 
given  recently  before  the  investigating  commission  on  the  discharge  of 
the  sewage  of  London  indicated  that  for  securing  a  good  etiiuent  from  a 
sewage  farm,  we  should  not  have  more  than  about  1  500  tons  of  water 
or  liquid  per  acre  per  year.  This  means  about  1  100  United  States  gal- 
lons per  acre  j^er  day;  and  if  we  reduce  this  to  the  other  usual  standard, 
we  see  that  with  a  water  supi^ly  or  sewage  production  of  100  gallons  per 
head  per  day,  one  acre  of  land  will  be  required  for  the  sewage  of  only 
eleven  persons.  The  usual  estimate  found  in  manuals  and  reports  is, 
however,  that  in  broad  irrigation  one  acre  of  land  can  take  care  of  the 
sewage  of  from  one  hundred  to  two  hundred  persons  without  causing 
nuisance;  and  if  this  were  to  be  applied  with  the  sewage  of  our  cities, 
we  should  have  a  weight  of  from  13  570  to  27  140  tons  of  liquid  per  acre 
per  year.  But  for  agricultural  utilization  of  sewage  on  sandy  soils, 
English  authorities  recommend  that  a  maximum  of  from  5  000  to 
10  000  tons  should  not  be  exceeded;  hence  it  follows  that  for  Ameri- 
can conditions,  we  must  estimate  that  the  area  of  land  required  for 
broad  irrigation  is  two  or  three  times  more  than  what  is  required 
abroad. 
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Sanitarians,  on  the  other  hand,  demand,  a  large  reduction  of  the 
quantity  of  sewage  allowed  to  flow  iij^on  land,  holding  that  about  three 
hundred  tons  i^er  acre  per  year,  or  about  230  gallons  per  acre  per  day, 
should  not  be  exceeded  in  order  to  comply  with  the  two  important  sani- 
tai'y  conditions,  namely:  freedom  from  stench  nuisance,  and  the  avoid- 
ance of  subsoil-water  pollution.  Where  the  slightest  trouble  from  the 
failure  to  meet  these  conditions  occurs,  bitter  attacks  upon  the  farm  and 
its  management  have  invariably  followed.  Especially  was  this  the  case 
in  Bei'lin,  where  they  commenced  the  sewage  irrigation  on  a  basis  of 
two  hundred,  and  fifty  persons  per  acre,  reducing  year  by  year  to  two 
hundred,  one  hundred  and  twenty  and  one  hundred  persons  per  acre,  in 
proportion  as  the  acquired  lands  were  adapted  to  irrigation.  In  the 
sirring  of  1884,  I  visited  the  two  large  sewage  farms,  measured  by  thou- 
sands of  acres,  which  are  owned  by  the  City  of  Berlin.  The  director  of 
the  farms,  a  highly  cultivated  gentleman,  stated  that  the  tendency  was 
to  still  further  reduce  the  amount  of  sewage  ]3ut  upon  land;  he  hoped 
to  get  it  down  to  a  basis  of  seventy-five  persons  jjer  acre  per  year;  but 
jDreferred.  to  reduce  it  to  fifty,  but  could  not  try  it  just  then.  By  such 
a  reduction  they  hoj^ed  to  make  a  slight  profit;  also,  "  sub  rosu,"  to  do 
away  with  the  alleged  pollution  of  the  subsoil  waters  antl  effect  the 
abatement  of  the  stench  nuisance  that  occurs  on  all  sewage  farms  and  at 
pretty  much  all  seasons  of  the  year.  During  the  winter  and  sj^ring  of 
1883-84,  I  visited  over  thirty  different  sewage  farms  in  Europe.  The 
season  was  unusually  mild,  and  nowhere  was  there  any  snow  on  the 
ground;  but  on  all  of  these  farms  there  was  a  marked  odor  which  many 
woiild  i:)ronounce  offensive. 

Now,  a  question  arises  here  which  we  are  bound  to  take  into  con- 
sideration, in  view  of  the  unsettled  condition  of  our  laws  relating  to 
health,  and  that  is:  what  punishment  is  a  municiioal  coriDoration  likely 
to  suffer  b}^  creating  a  nuisance  upon  a  sewage  farm  or  sewage  purifica- 
tion works?  It  is  pretty  well  known  to  engineers  that  in  all  questions 
relating  to  interference  with  streams  the  onh'  safe  rule  is  "Hands  off," 
that  is  to  say,  do  not  tamper  with  them  in  any  way.  We  have  j^erhaps 
an  illustration  of  this  doctrine  in  the  case  of  the  City  of  Rochester, 
where,  at  the  present  time,  about  one  hundred  and  fifty  suits  for  dam- 
ages are  pending,  by  reason  of  the  pollution  of  several  small  natural 
water-courses  through  the  discharge  of  raw  sewage,  and  where  almost 
every  suit  results  in  a  verdict  for  the  plaintiff.  In  this  litigation  the 
policy  of  the  City  of  Rochester  is  simply  to  gain  time  by  carrying  these 
suits  to  the  Court  of  Appeals.  For  years  the  construction  of  a  suitable 
intercepting  sewer  has  been  agitated,  but  hitherto  the  fact  has  been 
that  the  interest  on  the  cost  of  such  a  large  sewer  was  much  more  than 
the  damage  which  the  juries  have  awarded  to  the  farmers.  The  ten- 
dency of  the  juries  is  now,  however,  to  gradually  raise  the  amount  of 
damages,  and  the  time  will  soon  come  when  the  annual  sums  thus 
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awarded  will  exceed  the  interest  on  the  cost  of  the  contemplated  sewer, 
whereupon  its  construction  will  doubtless  be  commenced.  As  a  matter 
of  fact,  only  a  small  amount  of  nuisance  is  occasioned  in  the  most  of 
these  water-courses;  but  if  the  relatively  slight  nuisance  resulting  from 
the  ijollution  of  a  little  brook  flowing  through  a  farm  is  valued  by  our 
courts  at  api^reciable  sums  every  year,  we  may  well  be  ai^i^rehensive  of 
the  results  that  would  probably  follow  in  the  case  of  a  badly  j)lanned  or 
imjiroi^erly  managed  large  sewage  farm  or  j)recipitating  works. 

At  the  great  Berlin  farms  the  sewage  can  at  times  not  only  be  smelled 
at  the  distance  of  nearly  half  a  mile,  but  it  can  also  be  tasted  in  the 
atmosj^here.  The  same  condition  of  things  was  likewise  observed  at  a 
number  of  English  farms.  If  we  take  into  account  all  the  complications 
resulting  from  the  unsettled  condition  of  our  health  laws  and  from  the 
changes  involved  by  our  political  system,  I  presume  that  the  best 
method  of  treating  sewage  on  a  large  scale  is  by  some  chemical  process, 
combined  with  a  filtration  of  the  clarified  effluent  either  through  natural 
or  artificial  filters;  and  then,  if  the  effluent  is  to  be  turned  into  a  stream 
whose  water  is  used  for  drinking  purposes,  there  is  less  danger  of 
infection. 

A  matter  of  considerable  imjjortance  in  this  chemical  treatment  is  the 
rate  at  which  the  sewage  flows  through  the  tanks.  The  most  consistent 
of  all  the  statements  that  I  have  found  after  considerable  study  of  the 
subject  is  that  given  by  Dr.  Tidy,  in  which  he  states  that  two  tanks 
should  be  used,  the  first  one  of  such  capacity  as  to  receive  at  least  one 
hour's  discharge  of  seAvage,  while  the  second  should  hold  at  least  four 
hours'  flow  after  having  passed  through  the  fir.-^t  tank.  From  this  for- 
mula the  actual  size  of  the  tanks  can  be  determined,  it  having  been 
found  by  exjaerience  that  the  dei^th  of  the  water  therein  should  be  from 
5  to  6  feet.  The  general  practice  in  England  is  to  make  the  tanks  Avith 
sloping  bottom,  the  average  dejjth  being  about  6  feet.  With  small  tanks 
a  more  frequent  removal  of  the  sludge  becomes  necessary.  The  rate  of 
flow  through  a  series  of  tanks  worked  continuously  is  always  qiiite  small. 
With  regard  to  discharging  the  effluent,  it  flows  in  a  thin  sheet  over  a 
long  weir,  and  wherever  possible,  it  is  allowed  to  fall  in  a  series  of  small 
cascades.  The  thickness  of  the  sheet  of  liquid  is  generally  about  one-half 
an  inch,  and  I  can  say  from  Avliat  I  have  seen  of  some  of  these  chemical 
processes  that  the  effluent  is  very  good.  Particularly  is  this  true  of  the 
"ABC  Process  "  at  Aylesbury  in  England. 

In  regard  to  the  matter  of  fish  living  in  water  polluted  by  organic 
matter,  I  was  informed  recently  by  a  Avell-known  jDisciculturist  that,  for 
most  varieties  of  fish,  purity  of  the  water  is  not  so  much  an  essential  fac- 
tor as  freedom  from  susjiended  inattor  and  temperature  ;  that  even  the 
brook  trout,  Avhich  is  jjopularly  supposed  to  be  a  fish  that  can  live  only 
in  the  purest  water,  is  in  reality  not  a  very  delicate  or  fastidious  animal, 
inasmuch  as  it  can  endure  considerable  occasional  roiliness  and  i^ollution 
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of  water  by  organic  matter  of  both  animal  and  vegetable  origin  ;  but 
that  on  the  other  hand  the  brook  trout  must  have  a  low  temperature, 
which  is  the  more  important  condition  for  its  existence.  I  asked  the 
gentleman  to  make  some  experiments  on  this  subject  with  both  raw  and 
clariiied  sewage,  but  thus  far  he  has  not  had  the  opportunity  to  do  so, 
and  hence  no  definite  conclusions  can  be  given.  The  effect  of  certain 
gases,  salts  and  acids  upon  fish  has,  however,  been  carefully  studied  by 
Professor  C.  Weigelt,  who  has  published  the  results  arrived  at  in  the 
"  Archiv  fiir  Hygiene  "  for  1885. 

It  is  therefore  a  i^opular  fallacy  that  water  in  which  brook  trout  will 
live  is  necessarily  piire  and  fit  for  human  consumption,  since  in  many 
instances  this  is  not  the  fact.  The  same  is  also  true  of  the  various  forms 
of  plant  life.  It  does  not  follow,  because  certain  plants,  such  as  water- 
cress, grow  in  a  stream  of  running  w'ater,  that  such  water  is  pure  ;  the 
element  of  temjierature,  and  the  amount  and  kind  of  mineral  matter  in 
the  water,  both  play  an  important  role. 

In  regard  to  the  aeration  of  the  soil  and  the  intermittence  of  the 
application  of  sewage,  the  observations  that  I  have  made  in  examining 
sewage  farms  agree  wdth  those  of  Mr.  Allen.  The  surface  of  the  land 
becomes  to  some  extent  clogged  with  matter  of  various  kinds,  forming 
a  slimy  coating  which  must  be  occasionally  broken  up  by  suitable  culti- 
vation. This  is  true  both  of  broad  irrigation  and  filtration  wherever 
imsedimented  sewage  is  applied.  To  insure  a  penetration  of  the  liquid 
into  the  soil,  the  surface  must  either  be  worked,  or  else  be  given  time  to 
effect  the  destruction  of  the  intercepted  matter  by  natural  jDrocesses,  and 
hence  an  intermittence  of  action  is  indispensable  in  order  to  secure 
proper  purification. 

It  may  also  be  of  interest  to  mention  that  in  sandy  soils  which  have 
been  specially  prepared  for  filtering  sewage,  the  under-drains  frequently 
become  clogged  or  obstructed  by  the  growth  of  a  peculiar  alga,  or 
fungus,  which  has  been  called  the  sewage  fungus.  It  grows  in  thick 
masses,  colored  yellow,  orange,  red,  brown,  or  white,  depending  ui^on 
the  character  of  the  mineral  salts  dissolved  in  the  sewage,  and  its  func- 
tion is  to  transform  the  organic  matter  which  is  held  in  solution  in  the 
effluent.  Its  presence  is  therefore  always  an  indication  of  incomplete 
purification  ;  and  it  was  rarely  absent  from  the  effluent  drains  and 
ditches  of  the  varioiis  sewage  farms  which  I  had  the  opportunity  of 
visiting. 

In  refutation  of  what  has  been  said  w  itli  regard  to  the  sanitary  con- 
dition of  sewage  farms  and  theii-  pollution  of  the  subsoil  water,  as  reli- 
able evidence  can  be  adduced  as  can  be  brought  for  the  opposite  side. 
The  Paris  Commission  which  was  instituted  for  the  investigation  of  this 
matter,  state  that  there  is  a  constant  odor  rising  from  the  farms  due  to 
the  disposal  of  sewage  by  irrigation.  Other  equally  reputable  physicians 
and  sanitarians  think  they  have  proven  the  contrary.     I  had  in  my  pos- 
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session  a  reiiort  giving  very  favorable  statistics  of  sickness  among  tlie 
laborers  upon  these  farms;  but  it  must  be  remembered  that  a  process  of 
natui'alsjlection  takes  i^lace  in  the  choice  of  such  laborers,  since  thei'sisa 
general  feeling  abroad  that  a  sickly  person  has  no  business  on  a  sewage 
farm.  On  the  other  hand,  paujsers  are  sent  to  the  large  farms  in  troops 
of  hundreds  every  spring  and  fall,  and  among  these  i^aupers  there  is 
always  moi*e  or  less  sickness  before  being  sent  out ;  but  we  are  told  that 
no  increase  of  sickne-is  has  ever  followed  their  sojourn  upon  the  farm  and 
the  inhalation  of  the  tainted  atmosphere,  or  the  use  of  water  from  wells 
upon  the  i^remises.  In  weighing  such  statements,  however,  it  must  not 
be  forgotten  that  the  pauper  stays  on  the  ground  but  a  short  time  and  is 
then  taken  back  to  the  almshouse,  while  the  regular  laborers  and  super- 
intendents stay  there  permanently.  There  can  be  little  doubt  that  the 
well-water  on  such  a  farm  will,  sooner  or  later,  become  tainted  ;  but  it  is 
only  after  long  experience  with  other  than  the  most  robust  constitutions 
that  a  fair  conclusion  as  to  the  consequence  of  the  pollution  of  the  atmos- 
phere can  be  reached.  In  the  cases  of  Dantzic  and  the  English  cities, 
we  must  not  lose  sight  of  the  fact  that  the  same  are  all  located  at  or  near 
the  sea,  where  the  great  variations  in  temperature  experienced  in  the  in- 
terior of  our  own  country  are  entirely  unknown.  What  the  results  of  such 
an  intense  heat  as  we  had  three  days  (July,  1887)  ago  would  be  on  a 
large  area  heavily  irrigated  with  foul  sewage  cannot  be  predicted,  and 
must  be  determined  by  experience  alone.  The  questions  connected  with 
sewage  disposal  are  of  vital  importance  to  all  engineers,  and  I  hope 
that  the  other  members  will  take  them  up  and  express  their  views 
fully.  I  can  only  say  that  so  far  as  my  ol:)servation  has  gone,  I  am 
still  in  a  state  of  doubt.  Agricultural  experts  of  high  standing  express 
their  doubts  as  to  the  pollution  of  the  soil  and  the  subsoil  water,  and 
sanitarians  of  unquestioned  repute  bear  testimony  to  the  pollution  of 
the  atmosj)here.  We  are,  however,  now  drawing  inferences  from  con- 
ditions that  are  considerably  different  from  those  which  obtain  in  oiir 
own  land,  and  hence  it  is  very  desirable  to  have  a  record  of  such  experi- 
ences as  the  members  present  who  have  constructed  sewage-disposal 
works  can  give. 

Without  this  knowledge  of  oijinions  and  actual  experiences,  little 
can  be  accomplished.  I  doubt  not  but  that  Mr.  Church  can  give  some 
very  interesting  information  in  regard  to  his  experience  with  sanitarians 
in  relation  to  the  contamination  of  the  Croton  water  supply. 

B.  S.  Church,  M.  Am.  Soc.  C.  E. — I  am  not  prepared  at  this  mo- 
ment to  give  statistics  on  this  point.     I  hope  to  do  so  at  a  future  time. 

The  Secretary.  — I  have  been  asked  also  to  call  the  attention  of  the 
convention  to  the  paper  which  has  been  recently  issued  in  the  transac- 
tions by  our  Chairman,  Mr,  McMath,  a  very  interesting  paper  ui)ou  the 
determination  of  the  size  of  sewers,  giving  results  of  experiments  in 
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St.  Louis  with  reference  to  the  sewers  iu  regard  to  the  area  which  they 
drain.* 

Mr.  Robert  Moore.— I  will  not  discuss  the  subject  which  Mr. 
McMath  has  discussed  so  fully,  but  merely  express  the  wish  that  other 
members  of  the  Society  who  are  in  a  position  to  observe  and  record 
facts  in  this  connection  will  consider  themselves  under  obligations  to 
present  them  to  the  Society.  Any  one  who  has  undertaken  to  ascertain 
what  the  sewers  at  any  point  actually  do,  the  amount  of  rainfall  which 
actually  goes  into  them,  will  apprecia!;e  the  extreme  difficulty  of  the 
problem.  And  as  there  is  no  way  of  solving  it  except  by  observation,  it 
is  a  duty  of  those  in  a  position  to  make  such  observations  to  present 
them  to  the  Society.  I  was  in  part  instrumental  in  inducing  Mr. 
McMath  to  present  this  able  paper  to  the  Society,  and  I  hope  that  it 
may  be  an  example  to  a  great  many  others. 

Mr.  KxJiCHLiNG. — I  heartily  second  what  has  been  said  in  regard  to 
this  matter;  it  is  a  duty  which  the  members  of  the  Society  owe  to  each 
other  in  this  work.  Had  I  known  of  the  existence  of  Mr.  McMath's 
paper  before,  I  would  have  been  prepared  to  submit  a  few  facts  of  some 
measurements  made  elsewhere.  I  hope  that  those  members  who  have 
personal  exjierience  of  this  kind,  will  be  generous  enough  to  give  us  the 
benefit  of  it. 

The  Chairman,  Mr.  Egbert  E.  McMath. — The  suggestion  that  data 
and  observations  be  sent  to  the  Society  is  a  good  one,  and  I  would  say 
to  the  members  that  the  facts  may  very  properly  be  enlarged  u^jon  when 
writing,  and  they  will  go  into  the  Transactions. 

The  question  of  sewage  disposal  as  it  has  been  discussed  here  I  think 
may  be  broadened  to  advantage.  We  have  been  discussing  sewage  dis- 
posal by  irrigation  and,  to  some  extent,  by  chemical  precipitation.  The 
question  as  it  comes  to  most  of  us  is  not  of  how  we  are  to  use  or  destroy 
the  sewage,  but  how  we  are  to  get  rid  of  it  wdthout  nuisance  at  the  least 
cost.  A  common  practice  is  to  discharge  it  into  a  water-course  or  some 
body  of  water.  Our  western  river  towns  do  so,  so  far  as  they  are 
sewered,  and  others  will  do  so.  Even  now  unbearable  nuisances  have 
resulted  from  the  ijractice,  and  it  pertains  to  engineers  to  collect  and 
study  facts,  so  as  to  fix  the  limits  within  which  such  a  course  is  per- 
missible. 

It  is  commonly  believed  that  a  stream  will  purify  itself  w'hile  travers- 
ing an  undetermined  but  moderate  distance.  Of  course  this  must  de- 
pend upon  the  proportion  of  sewage  to  the  minimum  volume  of  the 
stream,  the  character  and  material  of  the  bed,  the  rate  of  flow  and  to 
mixture  with  other  matter  borne  by  the  stream.  We,  at  St.  Louis,  dis- 
charge our  sewage  into  the  Mississii^pi  River,  and  we  have  supposed, 


*  Determination  of  the  Size  of  Sewers.     Robert  E.  McMath,  M.  Am.  See.  C.  E.,  Trans. 
Vol.  XVI,  p.  179,  April,  1887. 
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judging  from  the  results  of  chemical  tests,  that  pollution  practically  dis- 
appears twelve  miles  below  the  last  sewer.  The  ratio  of  sewage  (the  dis- 
charge of  the  sewers)  to  the  river  volume  is  small,  about  goo  at  lowest 
stage;  but  since  the  mixture  is  not  complete  o  u  o  is  a  fairer  estimate  of 
the  actufil  dilution.  The  silt  carried  in  the  water  ia  doubtless  an  active 
agent  in  the  i:)rocess  of  purification,  but  cannot  well  be  estimated.  The 
current  at  low  stages  is  moderately  strong,  not  far  from  three  miles  per 
hour.  Under  these  conditions  the  receiving  stream  is  not  rendered 
offensive,  except  so  far  as  a  local  discoloration  immediately  at  the  mouth 
of  a  sewer  and  detached  pieces  of  floating  offal  may  offend  the  eye  and 
excite  the  imagination.  Our  sister  city,  Chicago,  also  discharges  her 
sewage  into  a  body  of  water  which  eventually  passes  into  the  DesPlaines 
and  Illinois  Eivers.  The  ratio  of  sewage  to  lake  water  is  large  (i),  and 
the  current  in  the  canal  about  li  miles  per  hour.  At  Joliet,  33  miles 
from  the  pumping  stations  at  Bridgeport,  the  nuisance  is  intolerable  at 
all  times,  and  when  the  canal  and  rivers  are  frozen  over  the  sewage 
pollution  has  been  observed  in  disgusting  j^roportion  at  Peoria,  159 
miles  from  Bridgeport.  At  Peoria  the  ratio  of  sewage  to  water,  river 
and  lake  could  not  have  been  greater  than  1  to  10  at  date  of  observation, 
January  5th,  1880. 

The  two  cases  I  have  cited  present  extremes  and  do  little  toward 
determining  the  very  important  question:  How  much  dihition  and 
opportunity  for  aeration  must  be  given  sewage  in  order  that  it  may  be 
disposed  of  in  this  manner  without  causing  a  nuisance  ?  I  think  that 
we  would  do  very  well  to  give  a  little  consideration  to  that  subject.  If 
any  one  has  any  facts  in  regard  to  the  matter,  here  is  a  good  time  and 
place  to  present  them. 

Mr.  Stearns. — I  do  not  know  that  I  can  give  any  facts  as  to  the 
amount  of  dilution  required  to  prevent  a  nuisance,  but  can  give  some 
with  reference  to  the  pollution  of  a  stream  by  the  discharge  of  sewage. 
I  i-efer  i^articularly  to  the  discharge  of  sewage  from  the  cities  of  Lowell 
and  Lawrence  into  the  Merrimack  Eiver.  The  population  of  Lowell  is 
65  000  ;  of  Lawrence  40  000.  The  dry  weather  flow  of  the  river  is  about 
two  thousand  four  hundred  cubic  feet  per  second. 

Last  summer  a  series  of  chemical  analyses  were  made,  which  showed 
considerable  deterioration  in  the  river  water  due  to  the  discharge  of 
sewage  at  LoAvell ;  and  the  water  still  contained  the  bulk  of  the  added 
impurities  when  it  reached  the  intake  of  the  Lawrence  Water  Works 
about  12  miles  below. 

A  dozen  years  ago  a  similar  series  of  analyses  were  made,  and  the 
chemist  could  not  then  detect  any  increase  of  pollution  due  to  the  sew- 
age discharged  from  both  cities. 

I  am  told  that  at  times  in  the  winter,  when  the  river  is  covered  with 
ice,  water  from  the  river,  standing  in  tanks  in  the  houses  at  Lawrence 
emits  a  perceptible  odor. 
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The  sewage  of  Lowell  is  diluted  some  three  liimdi-ed  times  by  the 
dry  weather  flow  of  the  river,  and  the  effect  upon  the  river  water  can 
be  detected  by  chemical  analysis,  but  it  has  not  yet  caused  the  aban- 
donment of  the  river  as  a  source  of  water  supply.  I  think  this  can  be 
called  approximately  the  outside  limit  of  noticeable  contamination. 

E.  P.  NoKTH,  M.  Am.  Soc.  C.  E. — How  much  of  a  fall  is  there  between 
the  two  cities,  and  what  is  the  character  of  the  ledge  that  it  flows  over  ? 
I  believe  that  has  a  very  great  influence,  whether  it  is  limestone  or  sand- 
stone. 

Mr.  Stearns. — Just  below  Lowell  there  are  rapids  where  the  water 
falls  11  feet.  Below  these  rapids  the  effect  of  a  dam  at  Lawrence  is  felt, 
and  the  river  becomes  a  narrow  mill-pond  twenty  feet  or  more  deep. 
The  ledge  is  neither  limestone  nor  sandstone.  I  do  not  know  its  exact 
character. 

It  was  not  jjracticable  to  take  suitable  samples  for  analysis  to  de- 
termine the  influence  of  these  rapids,  as  they  were  located  so  near  the 
City  of  Lowell,  that  the  sewage  did  not  get  mingled  with  the  water  of 
the  river  until  the  falls  were  passed. 

Mr.  North. — The  soil  is  sandy  ? 

Mr.  Stearns. — The  banks  are  generally  a  fine  sand  or  silt  deposited 
by  freshets. 

The  Chairman,  Mr.  McMath.— What  Mr.  Stearns  has  said  about  the 
pollution  of  streams  reminds  me  of  another  feature  presented  at 
Chicago,  which  arises  from  the  partial  decomposition  of  the  sewage 
in  the  Chicago  River.  The  condition  at  Joliet  is  doubtless  worse  by 
far  than  it  would  be  if  the  sewage  was  discharged  into  the  canal  fresh 
and  there  received  a  dilution  to  i.  The  question  arisee,  is  the  distance 
to  which  pollution  extends  in  the  river,  below  Joliet  increased  or  dimin- 
ished by  the  j)artial  decomposition  effected  in  the  Chicago  River  ?  It  is 
proposed  to  enlai'ge  the  channel  capacity  of  the  caual  and  deliver  the 
city's  sewage  into  it  in  a  fresh  condition  mixed  with  a  larger  volume  of 
lake  water  than  now.  The  towns  along  the  Illinois  River  want  to  know 
whether  the  tendency  will  not  be  to  extend  the  range  of  pollution — to 
diminish  it  in  degree,  but  carry  it  farther  ?  Also  how  miTcli  dilution 
they  must  insist  upon  as  a  condition  to  the  privilege  sought  by  Chicago  ? 
There  is  a  dearth  of  facts  bearing  upon  such  questions. 

Mr.  Stearns. — There  is  a  current  in  all  j^arts  of  the  Merrimack  River, 
even  in  the  mill  pond  at  Lawrence.  I  doubt  if  any  odor  could  be 
noticed  at  the  river  even  at  an  opening  in  the  ice. 

Mr.  KncHLiNG. — In  regard  to  this  matter  of  aeration  of  sewage,  the 
question  must  be  viewed  with  reference  to  the  subsequent  use  of  the 
water  by  which  the  sewage  is  aerated  before  the  measure  can  be  con- 
sidered allowable.     On  this  subject  there  are  two  extreme  views,  the  one 
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being  represented  l)y  Dr.  Tidy,  of  England,  who  places  considerable- 
faith  in  the  self-purification  of  streams,  while  the  other  is  represented 
by  Dr.  Fraukland,  who  says  that  there  is  no  aeration  sufficiently  large, 
and  no  length  of  stream  sufficiently  great,  to  remove  danger,  if  the  w-ater 
that  has  been  jjolluted  by  sewage  is  used  for  domestic  puriaoses. 
Between  these  two  extremes,  there  is  room  for  a  vast  amount  of 
argument. 

Last  fall  I  attended  the  Annual  Meeting  of  the  American  Public- 
Health  Association,  at  Toronto,  -where  the  question  was  raised  whether 
the  discharge  of  the  raw  sewage  of  that  city  into  Lake  Ontario,  at  a 
point  several  miles  distant  from  the  water-works'  intake  would  be  likely 
to  result  in  the  contamination  of  the  city's  water  supi^ly.  Some  claimed 
that  an  appreciable  current  flowed  westerly  up  the  lake,  while  others 
denied  the  existence  of  any  such  current,  and  insisted,  that  if  there  was 
any  current  at  all,  it  was  easterly,  or  down  the  lake.  The  question  was  to 
be  voted  upon  by  the  tax-payers  during  the  session  of  the  Association,  and 
the  members  were  asked  to  exj^ress  their  views  as  to  the  expediency  of 
the  proposed  scheme  on  the  day  before  the  vote  was  to  take  place,  it 
being  hoped  that  by  a  favorable  expression  on  the  pai-t  of  the  Associa- 
tion, the  vote  would  be  somewhat  influenced  in  favor  of  the  construftion 
of  the  contemplated  sewer.  Among  those  present  on  that  occasion,  was 
the  distinguished  bacteriologist.  Dr.  George  M.  Sternberg,  who,  upon 
being  urged  to  express  an  opinion,  stated  that  it  might  fairly  be  said 
that  there  would  be  danger  to  the  city's  water  supply  if  the  sewage  were 
discharged  into  Lake  Ontario,  as  proposed.  What  the  degree  of  danger 
was,  he  was  not  prepared  to  say;  he  would  simply  call  attention  to  the 
fact  that  while  researches  on  the  development  of  germs  had  not  been 
carried  to  any  such  extent  as  to  warrant  a  sharjj  formulation  of  the 
l^roblem,  yet  it  was  generally  conceded  that  danger  existed  wherever 
sewage  was  thrown  into  a  public  water  supply.  Now,  when  we  meet 
statements  of  this  kind  coming  from  men  of  i^rofound  learning  and  cos- 
mopolitan fame,  it  is  reasonable  to  presume  that  some  danger,  however 
small,  does  attend  such  conditions  of  sewage  disposal;  but  in  view  of 
the  large  array  of  cases  that  might  be  cited  where  no  evil  results  from 
the  use  of  sewage-contaminated  water  have  been  detected  in  spite  of  the 
closest  scrutiny,  it  behooves  governments  to  conduct  the  most  searching 
investigations  as  soon  as  possible,  in  order  to  arrive  at  definite  con- 
clusions upon  these  sanitary  questions  which  cannot  be  ai-cejitably 
solved  by  civil  engineers  in  active  life,  and  which  frequertly  i^revent 
the  execution  of  much-needed  improvements  in  large  communities.  To 
illustrate  the  opposite  side  of  this  question  of  stream-pollution,  it  may 
be  mentioned  that  about  twenty  years  ago,  it  was  stoutly  maintained  that 
a  dilution  of  one  part  of  raw  sewage  in  thirty  parts  of  eleau  water,  ren- 
dered the  latter  harmless;  that  limit  was  next  stretched  to  one  in  sixty;  it 
now  stands  one  in  three  hundred,  as  advocated  by  the  extreme  school  rep- 
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resenting  the  doctrine  of  the  self-pnrification  of  streams  by  aeration  and 
flow.  These  figures  may  not  be  exactly  correct,  as  they  are  given  from 
an  indistinct  recollection  of  data  collected  some  time  ago.  Much  has 
been  written  about  the  development  of  pathogenic  germs  in  jDublic 
water-supplies,  but  little  appears  to  be  yet  known  about  their  life- 
history  in  large  bodies  of  substantially  jDure  water  in  a  state  of  rest ;  and 
it  seems  to  me  that  on  the  answer  to  this  question  will  a  rational  solution 
of  this  whole  matter  of  sewage  disposal  greatly  depend. 

Mr.  E.  C.  Clarke. — In  considering  what  treatment  is  proper  in  any 
given  case,  it  is  well,  first  to  decide  how  much  it  is  necessary  to  aecom- 
jjlish.  Whether  it  is  sufficient  simply  to  avoid  causing  a  nuisance,  or 
whether  the  greatest  jjossible  purity  of  effluent  must  be  obtained  to 
avoid  contaminating  a  source  of  water  supply.  In  the  former  case  it 
usually  will  be  enough  to  clarify  the  sewage  by  removing  the  suspended 
solid  particles;  in  the  latter  case  it  is  necessary  also  to  treat  the  im- 
jmrities  in  solution.  This  process  requires  comparatively  large  areas  of 
of  land;  but  sewage  can  be  so  clarified  as  to  cause  no  oflfense  to  the  senses 
by  dosing  small  areas  of  land  more  heavily  than  will  allow  of  purification  i 
and  also  by  the  use  of  precipitants  which  aff"ect  but  slightly  the  soluble 
impurities.  I  have  seen  cases  in  England  where  a  clarified  effluent 
nearly  equaled  in  volume  that  of  the  stream  into  which  it  emptied,  and 
yet,  it  was  stated,  that  no  nuisance  resulted  therefrom. 

In  this  discussion  it  has  been  somewhat  curious  to  note  how  difficult 
it  has  been  to  agree  upon  so  simple  a  fact  as,  whether,  or  not,  sewage 
farms  commonly  are  nuisaUces.  I  have  visited  them  and  think  they  are 
not;  Mr.  Kuichling  also  has  visited  them  and  thinks  they  are.  Cer- 
tainly, where  they  have  existed  for  some  years  people  do  not  seem  to  be 
afraid  of  them.  One  sees  blocks  of  newly  built  fine  houses,  which  rent 
for  from  five  hundred  to  a  thousand  dollars  a  year,  standing  withiu 
one  hundred  yards  of  sewage  filtration  areas.  Adjoining  the  Bedding- 
ton  sewage  farm  at  Croyden  I  saw  a  large  school  for  girls,  which  was 
said  to  be  full.  Sui-ely,  jaarents  would  not  send  their  girls  there  if  it 
were  exposed  to  off'ensive  emanations. 

It  has  been  jjroved  that  sewage  can  be  so  purified  by  filtration  as  not 
to  contaminate  the  soil  water.  In  practice,  however,  oiying'to  mismanage- 
ment or  carelessness,  there  may  be  danger  of  such  result.  Still,  liability 
to  such  danger  is  not  a  sufficient  argument  against  the  method.  The 
l^roblems  in  sewage  disposal  presented  to  most  engineers  are:  how  to 
avoid.or  remedy, offensive  and  dangerous  nuisances  and  direct  pollutions 
of  water  supplies  by  crude  sewage.  These  problems  must  be  solved 
and  remedies  applied,  even  if  the  processes  used  do  not  give  perfectly 
satisfactory  results.  Surely  it  is  proper  to  mitigate  a  nuisance  or  siib- 
stitute  an  occasional  slight  danger  for  a  constant  serious  one. 

Mr.  Kuichling. — I  fully  agree  with  all  that.     I  hold,  however,  that 
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it  beliooves  an  engineer  who  is  called  upon  to  undertake  anything  of 
this  kind  to  know  what  is  practicable  before  he  broaches  the  subject  of 
the  construction  of  a  large  and  expensive  jjlan  for  sewerage.  Any  mis- 
take he  may  make  is  likely  to  affect  his  career  later.  It  is  just  this 
point  that  is  up  for  consideration  now,  and  what  I  have  said  was  not 
meant  to  discourage  the  construction  of  works,  but  to  call  attention  to 
the  circumstance  that  there  is  possible  danger,  and  to  invite  a  careful 
scrutiny  of  the  various  conditions  that  now  surround  such  projects. 

It  is  essential  to  have  these  collateral  branches  of  knowledge  and 
science  clearly  brought  out.  A  civil  engineer  has  usually  very  little 
time  for  personal  investigations  in  these  new  fields  of  science,  but  I 
think  he  needs  to  be  fully  cognizant  of  what  he  is  doing,  and  to  see 
where  his  mode  of  sewage  disj^osal  is  going  to  lead  him.  This  is 
especially  true  of  engineers  who  live  in  the  towns  where  they  expect  to 
S23end  their  lives,  or  where  they  have  been  brought  up  and  whose  sew- 
age disijosal  they  are  considering.  The  consulting  engineer  escapes 
censure  in  a  great  measure;  he  goes  to  a  place,  gives  his  advice,  and 
then  washes  his  hands  of  the  whole  transaction;  but  the  man  who  stays 
on  on  the  ground,  the  city  engineer,  is  the  one  upon  whom  all  subse- 
quent trouble  is  going  to  fall,  and  therefore  it  is  his  business  to  know 
what  the  results  will  be.  And  if  this  fear  of  soil  and  water  ijollution 
be  true,  then  before  he  recommends  the  expenditure  of  perhajis  several 
millions  of  dollars  for  land  for  the  purification  of  a  city's  sewage,  he 
must  know  whether  it  is  nevertheless  the  best  thing  that  can  be  done 
under  all  of  the  circumstances  attending  the  case.  The  eliciting  of 
useful  information  should  be  the  object  of  the  present  debate;  and 
while  not  dissenting  from  most  of  what  has  heretofore  been  said  by 
other  speakers,  it  has  been  my  purpose  rather  to  call  attention  to  such 
facts  relating  to  the  sewage  question  as  have  been  reached  from  other 
directions,  and  to  invite  thereto  careful  consideration,  for  upon  us  the 
blame  Avill  come  if  we  construct  hastily. 

With  regard  to  the  injection  of  air  into  sewage,  I  may  remark  that 
such  processes  have  been  tried  by  English  chemists  and  expei"iment(>rs 
without  very  favorable  results.  The  introduction  of  air  into  slightly 
contaminated  water  produces  some  remarkable  effects,  the  water  being 
made  sparkling  and  to  some  extent  pure  by  this  means  ;  but  in  sewage 
its  action  seems  to  be  too  slow.  The  attempts  to  effect  purification  there- 
with were  discussed  by  the  English  Rivers  Pollution  Commission,  and  I 
remember  having  read  that  the  experiments  were  considered  us  not  very 
successful. 

A  method  was  recently  ])roposed  of  deodorizing  the  sewage  of 
London,  after  previous  partial  clarification  by  the  addition  of  oxygen  in 
the  form  of  a  certain  amount  of  permanganate  of  potash  or  soda  to  every 
gallon  of  the  elHueut.  Very  good  results  from  that  process  appear  to 
have  been  obtained  for  the    conditions   of  London   where  thev  have 
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160  000  000  gaHons  of  sewage  to  deal  with  per  day,  and  where  the  effluent 
may  Tie  discharged  into  a  large  tidal  river.  The  process  consists  in  first 
treating  the  sewage  with  a  little  less  than  4  grains  of  lime,  1  grain  of 
sulphate  of  iron  per  gallon,  after  which  the  effluent  is  treated  with  from 
1  to  1^  grains  of  permanganate  of  soda  per  gallon.  These  experiments 
were  made  on  a  large  scale  and  are  said  to  be  quite  successful.  The  efflu- 
ent, however,  does  not  reat-h  the  ground  water,  nor  is  the'river  water  below 
London  used  for  drinking  purposes.  The  deodorization  of  sewage  is  one 
thing,  while  its  purification,  directly  or  indirectly,  is  another.  Much 
hope  is  entertained  of  the  future  use  and  success  of  permanganate  of 
soda  in  the  treatment  of  sewage,  as  the  cost  of  its  manufacture  has  re- 
cently been  reduced  amazingly,  so  that  its  use  is  now  possible  in  many 
of  the  English  cities  where  the  sewage  must  be  clarified  before  being 
admitted  into  streams. 

Mr.  Chuech. — How  fully  is  that  aeration  carried  out  ? 

Mr.  KuiCHLiXG. — The  suggestion  of  aerating  the  effluent  of  pre- 
cipitating or  filtering  processes  has  not  yet  been  tried  on  a  large  scale, 
80  far  as  I  know  ;  but  on  small  scales  good  results  have  been  obtained 
by  allowing  the  effluent  to  run  slowly  in  very  thin  sheets  over  vertical 
wire  cloth  frames,  thus  exposing  it  to  relatively  long-continued  action  of 
the  air.  Similar  results  are  also  obtained  l)y  exposing  the  effluent  to 
the  air  in  the  form  of  fine  sj^ray. 

Mr.  Steaens. — As  I  remember  the  experiments  made  in  England  by 
Dibdin,  some  were  carried  on  by  forcing  air  into  the  bottom  of  tanks 
containing  either  crude  sewage  or  the  effluent  from  chemical  precipita- 
tion ;  others  by  forcing  the  sewage  into  the  air. 

No  provision  was  made  for  taking  care  of  the  odor  blown  out  of  the 
sewage,  and  it  made  a  dreadful  stink  about  the  works. 

The  aeration  was  carried  on  for  about  18  hours  and  it  produced  a 
considerable  improvement  in  the  character  of  the  sewage,  not  enough, 
however,  to  compensate  for  the  time  expended  and  the  nuisance  created. 

Mr.  Robert  Mooee. — I  want  to  add  a  few  words  of  testimony  in  the 
matter  that  Mr.  Clarke  has  raised  in  regard  to  the  facts  at  Pullman.  I 
want  to  say  that  when  I  visited  the  Pullman  sewage  farm  in  November 
last  there  was  no  smell  noticeable  at  all,  except  from  a  ditch  in  which 
the  sewage  stood  stagnant  at  some  distance  from  the  filtration  area,  and 
that,  if  we  had  not  known  the  contents  of  the  fluid,  I  do  not  think  we 
should  have  ever  suspected  what  it  was. 

Mr.  L.  B.  Ward. — In  regard  to  fhe  health  of  the  men  employed  on 
these  sewage  farms,  I  had  occasion  to  collect  some  data  a  year  ago,  and 
I  foi;nd  some  valuable  facts  in  a  report  made  by  a  committee  of  the 
Royal  Agricultural  Society  of  England,  who  were  investigating  the  best 
methods  of  sewage  farming  practiced  in  England,  and  the  results  ob- 
tained through  a  series  of  years  on  a  number  of  model  sew-age  farms 
entered  in  comi^etition  for  the  Society's  prize.     One  jioint  noticed  was 
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the  death  rate  of  the  loersons  employed  on  the  farms.  A  table  was 
given  in  which  the  death  rate  was  shown  to  be  much  lower  than  for  the 
average  population.  The  death  rate  was  very  light,  but  I  cannot  just 
now  give  you  the  figures.  The  committee  was  composed  of  practical 
farmers  and  scientific  men  v/ho  would  notice  those  points,  and  also  the 
health  of  the  working  horses  and  cows  which  are  kept  in  dairies  at 
many  of  these  places;  this  was  noted  as  being  extremely  good.  I  sup- 
pose there  is  a  difference  in  the  condition  of  a  farm  that  is  Avell  kept  and 
one  that  is  poorly  kept,  and  this  is  probably,  in  some  measure,  the 
cause  of  the  difference  between  the  reports  made  Ijy  different  persons. 
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AN  INVESTIGATION 

TO   DETERMINE 

THE  STRAINS  IN   A  HOLLOW  CAST-IRON   DISK, 

COOLED   FKOM   THE  INTERIOR.* 


By  G.  Leveeich,  M.  Am.  Soc.  C.  E. 


The  body  of  the  Thompson  12-inch  breech-loading  rifle,  fabricated 
at  South  Boston  Foundry,  is  of  gun-metal  (refined  cast-iron);  the  cast- 
ing was  hollow  with  closed  breech;  it  was  made  with  a  sinking  head, 
muzzle  upward,  and  cooled  upon  the  Rodman  system,  initial  circum- 
ferential strains  about  the  bore  being  induced.  It  weighed  in  the  rough 
about  160  000  pounds.  (For  description  and  dimensions,  see  Eeport  of 
Chief  of  Ordnance,  United  States  Army,  for  1876,  page  96.) 

The  sinking  head  was  separated  from  the  muzzle  of  the  piece  by  a 
cut  about  1  inch  wide;  from  this  were  taken  two  disks.  The  first  disk, 
13.7  inches  internal  and  44  inches  external  diameter  and  3.68  inches 
thick,  was  tested  to  determine  the  initial  tension  of  the  casting  and  also 
the  density  and  tenacity  of  the  metal.     For  initial  tension,  a  radial  cut 

*  The  measurements  here  recorded  were  taken  December  10th,  1875,  and  the  computations 
made  in  June  following;  this  paper,  as  here  presented,  was  written  in  November,  1881,  and 
then  laid  aside.  The  rings  and  disk  were  a  part  of  the  Army  Ordnance  Exhibit  at  the  Cen- 
tennial Exposition  in  Philadelphia,  1876,  and  afterwards  of  the  Army  Ordnance  Museum  in 
Washington;  however,  without  at  either  place  any  designation  to  show  their  origin  or 
purpose. 
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vas  made  in  tlie  disk  with  a  planer  tool  and  carefully  extended  down- 
ward,  until  the  metal,  still  uncut,  separated.  The  broken  section  was 
13.5  inches  long  and  0.13  inches  deep  or  4.86  square  inches.  Comparing 
the  differences  in  width  of  the  opening  thus  made,  it  was  deduced, 
quoting  from  the  Report  referred  to  above,  page  100,  that  the  "initial 
tension"  was  "18  500  pounds,  or  in  a  ratio  of  0.533  to  the  absolute 
strength  of  the  metal  on  the  exterior. "  The  specimens  tested  for  density 
and  tensile  strength  were  then  taken  from  this  disk  at  points  nearly 
equidistant  from  each  other  and  numbered  in  order  of  their  position 
from  the  outside  towards  the  center.     The  results  were  as  follows: 


Specimen 


Loeatiou  in  Disk. 


Oixtside 

Two  inches  from  middle  — 

Middle 

Middle 

Middle 

Two  inches  withiu  middle. 
Inside 


Density. 


Tensile  Strength, 

per  Square  Inch, 

tounds. 


7 .  2729 

34  529 

7  2777 

30  746 

7  2 

29  943 

7.2789 

29  710 

7  2746 

29  522 

7  297 

Si  636 

7 '.29 

33  866 

7.2858 

31  707 

A  mean  of  strength  of  specimens  No&  1,  5  and  7,  being  one  each 
from  the  outside,  middle  and  inside  of  the  casting,  say  32  500  pounds 
per  square  inch,  more  nearly  represents  the  tensile  strength  of  the  metal 
than  the  mean  given  above. 

The  second  disk,  the  subject  of  this  examination,  was  separated  from 
the  first  disk  and  from  the  sinking  head  by  cuts  about  one  inch  wide. 
It  was  carefully  finished  over  its  entire  surface  to  13.8785  inches  internal 
and  45.3666  inches  external  diameter  and  2  inches  thickness.  Then,  with- 
out removal  from  the  lathe,  two  diametrical  lines  at  right  angles  to  each 
other  were  inscribed  on  one  side  of  the  disk,  and  ten  grooves  were  turned 
in,  1.2  inches  deep  and  from  0.573  to  0. 606  inches  wide,  thus  leaving 
eleven  rings,  from  0.895  to  0.9  inches  wide,  nearly  equally  spaced  from 
the  inner  to  the  outer  edges  of  the  disk  and  attached  to  it,  as  shown  by 
Figs.  1  and  2.  These  rings  were  numbered  consecutively  from  the  bore 
outward  and  then  cut  (on  line  a  b,  Fig.  2)  from  the  disk,  so  that  the 
section  of  the  rings  was  0.9  inches  square.  The  cut  was  so  made  that  a 
small  depth  of  the  grooves  remained  on  the  disk,  which  was  reduced  to 
0.9  inches  thickness.     After  the  rings  were  removed,  the  disk  showed  a 
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slight  convexity  on  its  face  side.  It  will  be  seen  that  thus  were  provided 
for  comparison,  measures  of  the  metal  in  the  disk  at  eleven  different 
points,  equally  spaced  from  the  bore  outward  and  of  the  metal  at  these 
points  when  detached  and  free  from  initial  strain. 

The  measurements  were  made  with  a  Brown  &  Sharpe's  vernier  rule, 
reading  to  thousands  of  an  inch.  The  two  diameters  in  each  case  were 
measured  and  their  means  taken;  rings  I,  II  and  III  were  measured 


Figs.  1  and  2. 
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direct;  for  the  others  the  measure  was  set  to  the  least  diameter  of  the- 
ring  itself  or  of  the  corresponding  groove  on  the  disk  and  then  applied 
to  the  other  three  diameters,  as  shown  in  Fig.  3;  with  one  end  of  the 
measure  at  a,  the  extremity  of  the  diameter  a  c  to  be  measured,  an  arc 
was  struck  cutting  the  circle  at  b  and  d;  the  double  line  b  d  was  then 
measured,  and  from  these  two  elements  a  b  and  b  d  the  diameter  a  c 
was  comiJuted  by  formula 


ab 


ab'—{\bay 


Fig. 


LEVERICH    ON"    STRAINS    IN"    CAST-IRON    DISK. 


47 


This  method  permitted  great  i^recisiou  iu  measurement,  witli  small 
possibility  of  error;  since  b  d  could  readily  be  taken  to  the  nearest 
linndredth  of  an  inch,  a  fractional  error  less  than  this  would  not 
materially  affect  the  result,  and  the  four  diameters  for  each  ring  being 
measured  with  one  length  for  a  h,  whatever  small  error  occurred  in 
taking  this  length  was  eliminated  when  the  diflference  of  mean  diame- 
ters—the quantity  sought  was  obtained.  The  results  of  these  measure- 
ments are  ffiven  in  the  following  table : 


So 

a| 
Inches. 

s  . 

Inches. 

g     Mean  internal 
g*    diameter  of  rings. 

c    Differences  in 
g.        mean     internal 
g        diameters. 

M    Conapressions    or 
o         extensions    per 
g*        inch  ot  circiim- 
7>        lerenco. 

Strains  per  square 
inch      necessary 
to  produce  these 
compressions  or 
extensions. 

a 

King. 

Groove. 

Pounds. 

I 

II.... 
III... 
IV..  . 

v.. .. 

\l..  . 
vn.  . 
Yin  . 

IX..  . 
X..  .. 
XI..  . 

13.8785 

16.8245 

19.8365 

22.836 

25.801 

28.786 

31.751 

31.708 

37.005 

40.616 

43.577 

0.9 

0.9 

0.899 

0.898 

0.9 

0.899 

0.896 

0.895 

0.899 

0.898 

0.896 

'6!573" 

'b'.Goe" 
oVem' 

'6. '5815* 
"6!5925' 
'6!5835" 
6! 5825' 
6!5S35' 
0.5765 
'6!5825' 

13.8905 

16.838 

19.843 

24.843379 

25.808397 

28.784995 

31.747731 

34.704.503 

37.062531 

40.60.5162 

43.572613 

+0.018 

+0.0135 

+0.0065 

+0.007379 

+0.007397 

—0.001005 

—0.003269 

—0.003197 

-0.003469 

—0.010838 

—0.001387 

+0. 00129529 
+0.00080176 
+0.00032757 
+0.00032302 
+0.00028661 
—0.00003492 
—0. 00010297 
—0.00009788 
—0.00006556 
—0.00026692 
—0.00010068 

24  000 
16  000 
7  900 
7  600 
7  000 
1600 
3  200 
3  000 

2  300 
7  400 

3  100 
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Fig.  4. 


Fig.  4  is  a  diagram  showing  comparatively  the  compressions  and  ex- 
tensions in  the  several  rings  placed  as  they  were  in  the  disk,  and 
Fig.  5,  another  diagram  showing  comparatively  these  compressions  and 
extensions  per  inch  in  circiimference  of  the  rings;  a  h  is  the  neutral 
line. 


Fig.  5. 


In  "Reports  of  Experiments  on  the  Properties  of  Metals  for  Can- 
non," etc.,  by  Captain  T.  J.  Rodman,  1861,  page  211  and  following,  the 
relative  compressions  and  extensions  of  cast-iron  nnder  strain  and  of  a 
mean  tensile  strength  of  24  500  pounds  per  square  inch  are  given. 
Other  and  more  complete  data,  resulting  from  similar  tests  of  gun-metal 
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of  greater  tenacity,  as  now  employed,  not  being  at  liand,  it  is  assumed 
that  the  weights  necessary  to  cause  a  given  compression  or  extension  in 
specimens  of  different  tensile  strengths  vary  as  these  strengths;  the 
strains  given  in  the  last  column  of  the  table  are  so  computed,  for  gun- 
metal,  having  a  tensile  strength  of  32  500  pounds  j)er  square  inch. 

After  the  diameters  of  the  rings  were  measured,  a  radial  cut  was 
made  in  the  disk  and  continued  downward  until  the  metal  parted;  the 
broken  section  being  15.744  inches  wide  and  0.13  inches  mean  thick- 
ness, or  2.047  square  inches — which,  if  the  metal  broke  all  at  once  and 
not  continuously,  and  its  tensile  strength  was  32  500  pounds  per  square 
inch,  showed  an  initial  strain  of  66  530  pounds  in  the  disk  or  of  73  920 
pounds  per  inch  in  the  length  of  the  bore.  The  opening  was  0. 157  inches 
wide  oiatside  and  0.0555  inches  wide  inside;  referring  to  the  former,  it  wafi 
0.00110154  inches  per  inch  of  outer  circumference,  which — i^er  data  for 
extension  of  cast-iron  usually  taken  (Rodman's  Eeijort,  cited  above) — • 
corresponds  to  between  14  000  and  15  000  pounds  per  square  inch,  ten- 
sile strain  due  to  shrinkage,  and  taking  data  used  in  last  column  in  the 
table — corresponds  to  between  18  000  and  19  000  j)ounds  per  square 
inch,  tensile  strain,  either  of  which,  it  will  be  noted,  is  far  in  excess  of 
that  recorded  in  the  Table. 
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DESCRIPTION  OF  THE  WORK  OF  CONSTRUCTING 
A  DAM  ACROSS  THE  POTOMAC  RIVER  FOR 
INCREASING  THE  WATER  SUPPLY  OF  WASH- 
INGTON. D.  C. 


Bv  Samuel  H.  Chittenden,  M.  Am.  Soc.  C.  E. 
PiEAD  Febkuaky  1st,  1888. 


The  Avater  supply  of  the  City  of  Washington,  D,  C,  comes  from  the 
Potomac  Eiver,  and  it  is  brought  into  the  city  through  a  chased  conduit 
from  above  the  Great  Falls,  a  point  about  fifteen  miles  above  the  city. 
This  conduit  was  built  by  the  United  States  Government  under  the  direc- 
tion of  General  M.  C.  Meigs  ;  the  first  appropriation  was  made  in  1850, 
and  the  cost  of  the  work  of  bringing  the  water  into  the  city  and  build- 
ing storage  reservoirs  was  about  three  millions  and  a  half  of  dollars ; 
the  conduit  is  circular  in  cross-section,  9  feet  in  diameter,  and  is  built  of 
brick  and  red  sandstone  from  the  Seneca  Quarries,  about  9  miles  above 
the  Great  Falls  ;  it  passes  over  a  rolling  country,  requiring  high  em- 
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?3aukments  and  heavy  cuttings;  at  many  points  passing  througli  several 
rock  tunnels,  and  over  four  stone  arcli  bridges,  one,  the  celebrated  Cabin 
John  Bridge  of  220  feet  clear  span  ;  the  conduit  is  well  built,  but  not 
intended  to  be  used  under  prassure.  The  dam  at  Great  Falls  that  turns 
the  water  into  the  conduit  has  an  elevation  of  146  feet  9  inches  above 
mean  tide  at  the  Navy  Yard,  Washington,  which  is  the  elevation  of  the 
-center  of  the  conduit  at  the  upper  end,  and  it  has  a  fall  of  9J  inches  to 
the  mile. 

At  a  point  about  nine  miles  from  the  Great  Falls,  the  conduit 
empties  into  a  receiving  and  storage  reservoir,  made  by  building  an 
earthern  embankment  across  the  Gunpowder  Branch  of  the  Potomac. 
From  the  lower  end  of  the  receiving  reservoir  the  conduit  extends 
about  two  miles  to  the  distributing  reservoir  west  of  Georgetown;  from 
this  reservoir  three  mains  of  12,  30  and  36  inches  diameter  respectively 
take  the  water  to  the  streets  of  the  city.  The  scarcity  of  water  in  the  city 
is  due  to  the  small  size  of  these  mains  and  the  want  of  a  proper  dam  at 
the  ui^per  end  of  the  conduit,  and  not  to  the  size  of  the  conduit  or 
•reservoirs. 

Afterwards  a  conne:-ting  conduit  was  built  around  the  receiving 
reservoir,  so  that  the  water  supjily  could  be  takendire^tly  from  the  Falls 
without  passing  through  this  reservoir,  and  so  avoid  possible  contamina- 
tion from  surface  water  flowing  into  the  Gunpowder  Branch,  which 
drains  a  thickly  settled  farming  community. 

As  will  be  seen  by  an  inspection  of  the  accompanying  map,  the  river 
iit  the  upper  end  of  the  conduit  is  divided  by  Conns  Island  into  two 
parts,  called  the  Maryland,  and  Virginia  Channels;  much  the  larger  part 
of  the  water  passes  down  the  Yirgiuia  Channel.  When  the  conduit  was 
first  constructed,  a  dam  of  brush,  clay  and  rip-raj)  stone  was  built  across 
a  part  of  the  Maryland  Channel  to  diverh  the  water  into  the  conduit; 
this  proving  entirely  inadequate,  the  present  masonry  dam  across  the 
Maryland  Channel  to  Conns  Island  was  built,  but  for  several  years,  in 
order  to  keep  up  the  water  supply  in  the  low  water  season,  it  has  been 
necessary  to  build  temporary  dams  of  brush  and  earth  at  the  upper  end 
of  Conns  Island  to  turn  more  water  into  the  Maryland  Channel. 

In  1882,  Congress  provided  for  increasing  the  water  supply  by  con- 
structing a  new  reservoir  east  of  Howard  University  and  north  of  the  city 
of  a  capacity  of  not  less  than  three  hundred  million  gallons,  connecting 
this  with  the  distributing  reservoir  west  of  Georgetown  by  a  tunnel 
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about  four  miles  long,  seven  and  a  half  feet  by  eleven  feet  in  cross-sec- 
tion. From  this  new  reservoir  a  new  system  of  larger  mains  was  pro- 
vided for,  to  reinforce  the  supply  in  the  old  system,  and  keep  up  the 
pressure;  also  to  insure  a  full  supply  at  all  times  at  the  upper  end  of 
the  conduit,  the  Act  ordered  the  extension  of  the  masonry  dam  across 
Conns  Island  and  the  main  channel  to  the  Virginia  shore,  at  an  elevation 
of  148  feet  above  high  water,  and  raising  the  Maryland  Channel  dam  to 
the  same  height  by  a  coping  15  inches  thick.  The  work  on  this  dam  is 
the  subject  of  the  present  paper. 

The  jjlans  prepared  by  the  engineer  officers,  and  on  which  bids  were 
received  and  contract  awarded,  provided  for  a  masonry  dam  across 
Conns  Island,  a  distance  of  about  700  feet,  and  from  the  island  through 
shallow  water,  a  distance  of  about  400  feet  to  Island  Rock;  also  from 
the  Virginia  shore  out  to  a  point  where  5  feet  of  water  was  reached;  the 
section  on  Plate  I  shows  the  general  features  of  this  portion,  the  lower 
side,  rock  faced,  coursed  work,  no  stone  less  than  3x4  feet  on  the  level, 
Avith  12-incli  rise,  and  a  coping  8  feet  3  inches  long,  across  the  dam,  and 
15  inches  thick,  no  stone  for  coping  to  be  less  than  4  feet  wide;  two 
courses  of  ashlar  were  put  under  the  coping  on  the  up-stream  side,  the 
lower  portion  of  the  up-stream  face,  as  well  as  the  center  of  the  wall,  was 
of  concrete;  concrete  was  also  used  to  level  up  for  the  first  course  on  the 
face  of  the  dam.  The  coping  was  secured  to  the  wall  by  two  bolts  of 
inch  and  a  half  round  iron,  30  inches  long  in  each  stone,  while  across 
each  joint  were  set  two  clamps  of  Ij  x  1  inch  iron,  ends  turned  down  (> 
ijiches,  and  the  whole  clamp  let  into  the  stone.  The  construction  of  this 
masonry  dam  across  the  island,  and  through  the  shallow  water,  would 
leave  a  gap  of  about  350  feet  of  the  deepest  water;  this  section  it  was 
proposed  to  close  by  sinking  cribs  of  sawed  timber,  afterwards  filled 
with  stone,  when  the  bottom  was  12  feet  or  more  below  the  top  of  the 
coping;  these  cribs  were  to  have  a  length  of  24  feet  up  and  down  stream; 
the  remainder  were  to  be  16  feet;  the  other  dimensions  were  to  be  varied 
as  the  bottom  might  require;  the  upper  ends  were  to  be  set  on  the 
upper  line  of  the  dam,  and  the  tops  3  feet  below  grade,  to  alloAv  for  a 
course  of  stone  and  coping  to  correspond  with  the  other  dam.  After 
sinking  the  cribs  and  filling  them  with  stone,  the  upper  ends  were  to  be 
covered  with  a  double  thickuess  of  planking,  and  backed  up  with  clay 
and  rip-rap  stone.  An  apron  of  oak  timber  was  shown  on  top  of  the 
cribs  below  the  coping;  it  was  also  provided  that  the  end  pens  or  bins 


CH1TTE^'DEN■   OIS"    POTOMAC    EIVER    DAM.  53 

of  tlie  cribs  sliould  be  filled  with  concrete,  instead  of  loose  stone,  so  that 
a  good  connection  could  be  made  between  the  crib  work  and  masonry 
dams  at  each  end. 

Soon  after  the  execution  of  the  contract  for  the  work  at  Great  Falls^, 
which  included  the  crib  dam  in  the  deep  water  section,  it  was  seen  that 
this  was  a  bad  construction,  and  would  not  last  long,  the  planking  and 
clay  above  the  cribs,  and  apron  below  the  coping,  woiild  keep  the  water- 
away  from  the  timber,  and  allow  the  whole  thing  to  rot  down;  the  gen- 
eral plan  of  the  crib  work,  and  the  conditions,  seem  to  be  very  similar  to 
those  in  the  dam  at  Hoh'oke,  Mass.,  which  was  repaired  with  great 
diflSculty  and  expense,  under  the  direction  of  Mr.  Clemens  Herschel,  M. 
Am.  Soc.  C.  E.,  and  described  by  him  in  Transactions  of  the  Society  for 
August,  1886,  No.  339,  Vol.  XV,  p.  543. 

The  contractors  called  the  attention  of  the  engineers  to  this  point, 
and  after  much  discussion  and  estimates,  it  was  decided  that  the  appro- 
priation was  sufficient  to  build  a  masonry  dam  across  the  deep  water 
section,  and  the  contract  was  amended,  requiring  a  masonry  dam  simi- 
lar to  the  other.  A  cross-section  is  shown  on  Plate  I.  It  was  left 
to  the  contractors  to  decide  how  this  should  be  accomplished,  and  the- 
water  kept  out  during  construction. 

The  soundings  showed  the  bed  of  the  river  to  be  rock,  and  th& 
ledges  on  the  Virginia  side  above  the  dam,  and  below  it  at  the  falls,  as- 
well  as  on  the  Maryland  bank,  evidently  extended  under  the  river.  These 
ledges  are  composed  of  the  Potomac  blue  gneiss  of  varying  hardness; 
some  layers  soft  and  largely  mixed  with  soapstone;  all  stand  nearly 
vertical. 

The  records  showed  a  long  low  water  season  in  the  summer  and  fall,, 
but  at  all  times  liable  to  sudden  rises  from  heavy  rains,  and  the  river 
then  carried  large  quantities  of  heavy  drift  wood;  the  current  at  the  site 
of  the  dam  was  rapid,  requiring  a  good  oarsman  to  stem  it  in  a  row- 
boat. 

Several  jilans  for  excluding  the  water  were  considered.  The  plan 
adopted  was,  to  first  put  in  a  dam  of  rip-rap  stone  from  the  Virginia  bank 
to  Island  Rock,  above  the  line  of  the  permanent  dam,  afterwards  filling^ 
in  above  the  rip-rap  with  brush  and  clay  to  exclude  the  water.  On  the 
down  stream  side,  an  embankment  of  earth  was  carried  out  to  the  deep 
water,  and  then  an  ordinary  box  coffer  dam  with  a  clay  filling  as  shoAvn 
on   Plate  I  was  extended  to  Island  Rock.      After  completion   of  the 
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masonry  dam,  the  top  of   the  rip-rap  dam  was  pulled  over  against,  it 
raaking  the  backing  called  for  by  the  specifications. 

The  rip-rap  stone  was  quarried  from  a  bluff  on  the  bank  of  the  river 
■about  400  feet  above  the  Virginia  end  of  the  dam — clay  of  excellent 
quality,  and  in  abundance,  was  found  in  a  field  3  000  feet  lielow  the  dam. 
A  track  was  laid  from  the  quarry  to  the  dam,  and  the  large  stone  loaded 
on  small  flat  cars  by  horse  power  derricks,  and  drawn  down  to  the  end 
of  the  dam,  where  a  gang  of  men  was  kept  to  unload  cars,  and  keep  up, 
and  extend  the  track;  at  the  same  time  the  smaller  stone  and  quariy 
chips  were  loaded  by  the  use  of  wheelbarrows,  on  scows  carrying  about 
15  tons  each,  and  unloaded  on  the  upper  side  of  the  rip -rap  to  close  the 
larger  holes  before  putting  on  the  clay.  The  clay  was  hauled  in  carts  and 
wagons  to  the  shore  at  the  end  of  the  dam,  and  taken  out  in  the  scows 
and  on  the  cars  after  the  stone  was  in  jalace;  the  top  of  the  rip -rap  was 
kept  at  an  elevation  of  about  151,  or  3  feet  above  the  completed 
dam,  a  height  supposed  to  be  sufficient  to  keep  out  the  ordinary 
Tises  of  the  river,  but  not  the  floods  caused  by  heavy  rains;  the  width 
on  top  was  about  5  feet,  as  narrow  as  would  carry  a  track  of  3-foot 
gauge. 

The  arrangements  for  handling  this  material  proved  very  unsatisfac- 
tory, and  the  stone  could  not  be  got  in  place  fast  enough;  unloading  the 
large  stons  from  the  cars  all  over  the  end,  was  slow  work,  and  keeping  up 
the  track  required  a  good  deal  of  time  and  attention.  We  tried  to  push 
the  rip-rap  along  by  taking  out  st^ne  on  scows  to  the  outer  end  of  the 
dam;  some  stone  was  put  in  the  bottom,  ahead  of  the  tracks  in  this 
manner,  but  the  current  was  too  swift,  and  it  was  difficult  and  dangerous 
getting  the  boats  back. 

The  box  coffer  dam  ou  the  down-stream  side  was  set  up  as  fast  as  the 
rip-rap  dam  was  extended,  so  as  to  break  the  current;  the  timlier  for 
130sts  and  stringers  and  braces  for  this  was  cut  on  Conns  Island,  and 
roughly  hewed;  the  general  arrangement  and  sizes  of  the  different  parts 
are  shown  on  Plate  I.  A  small  scow  7  feet  wide  was  used  for  setting 
up  the  bents,  the  scow  being  moored  to  the  last  set  of  posts  set  up;  its 
width  gave  the  right  distance  out  to  the  next  set;  soundings  were 
taken  at  th'e  location  for  each  post,  and  the  holes  for  the  tie-rods  bored 
so  as  to  have  the  lower  roj  about  15  inches  from  the  bottom  of  the  river, 
the  upper  one  the  same  distance  below  the  low  water  surface  of  the  river, 
and  the  center  one  one-third  of  the  interval  between  the  two  others 
from  the  bottom  rod;  the  stringers  were  cut  about  10  feet  long,  and 
allowed  to  run  past  the  posts;  the  sides  were  then  planked  in  two  layers, 
a  2-incli  outside,  and  common  1-inch  boaixl  inside,  to  cover  the  cracks. 
The  clay  was  run  out  from  the  end  of  the  dam  in  wheelbarrows,  and 
after  it  reached  the  surface  of  the  water,  it  was  tamped  with  poles  to 
consolidate  it. 
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Afterwards,  as  the  water  was  pumped  down,  braces  were  put  in  from 
the  rii3-rai3  dam  to  each  i^ost  in  the  deeper  water;  through  carelessness 
two  of  the  posts  used  were  of  poplar,  and  the  lower  bolts,  with  ordinary 
cut-washers  under  the  heads,  were  pulled  through  the  posts,  and  allowed 
the  bottom  of  the  dam  to  bulge  in  at  these  iDoints;  additional  braces  were 
put  in,  and  no  serious  trouble  resulted. 

Very  heavy  rains  the  middle  of  June,  and  again  early  in  July,  caused 
very  high  water  in  the  river,  carried  away  the  track,  tore  down  the 
upper  paitof  the  rijj-rap,  and  broke  off  the  outer  end  of  the  frame  coffer, 
and  caused  at  least  six  weeks'  delay  and  extra  work,  so  that  it  was  late 
in  September  before  we  were  ready  to  start  pumping.  A  6-inch  dis- 
charge centrifugal  pump,  of  Andrews'  make,  with  an  upright  engine  and 
boiler,  also  an  8-inch  discharge  Bush  centrifugal,  driven  by  a  fifteen 
horse-power  traction  threshing  engine  were  set  up  on  the  lower  dam,  and 
an  attempt  made  to  remove  the  water,  butiinsuccessfully;  the  water  com- 
ing in  through  the  seams  in  the  vertical  strata  of  the  bed-rock,  apj)ar- 
ently  very  little  hindered  by  our  summer's  work  at  damming;  additional 
teams  were  put  on  hauling  clay,  and  large  quantities  put  in  on  both 
sides;  on  the  lower  side  it  was  banked  up  against  the  side  of  the  coffer, 
very  nearly  to  the  surface  of  the  water;  wherever  a  hole  could  be  de- 
tected, bundles  of  straw  were  crowded  in,  and  clay  put  on  toji;  by  this 
means,  and  the  addition  of  another  8-inch  pump,  the  water  was  lowered 
about  8  feet,  and  the  work  of  building  such  portions  of  the  deep  water 
section  as  were  accessible  commenced.  The  season  was  now  far  advanced 
and  closed,  with  about  200  feet  of  this  section  built,  but  leaving  150  feet 
of  the  deepest  part  untouched. 

While  the  work  of  surrounding  this  section  in  the  Virginia  channel 
was  going  on,  the  section  through  Conns  Island,  about  700  feet  long 
was  comijleted,  leaving  a  gap  of  about  400  feet  between  Conns  Island 
and  Island  Eock,  which  it  was  decided  to  leave  for  the  water  to  pass 
through,  till  the  balance  was  comi^leted.  As  soon  as  the  rip-rap  dam 
reached  Island  Eock,  a  trestle  was  built  aci'oss  the  400-foot  open  space, 
and  a  track  carried  across  to  transport  the  stone  and  material  which  came 
from  the  Maryland  side  of  the  river,  and  the  work  of  building  commenced 
at  the  Virginia  end  of  the  dam,  so  that  when  the  working  season  closed, 
there  remained  to  build  150  feet  of  the  deep  water  section,  about  400 
feet  between  Conns  Island  and  Island  Eock,  and  the  15-inch  coping  to 
put  on  the  old  dam  across  the  Maryland  channel.  The  tracks,  derricks 
and  j)umps  were  removed,  and  all  work  suspended  for  the  winter.  No 
particular  damage  w-as  done  by  the  winter's  floods  or  ice,  but  the  heavy 
drift  brought  down  by  the  spring  rise,  tore  down  the  upj)er  part  of  the 
rip-rap  in  several  places,  carried  out  a  section  of  the  frame  coffer  and 
the  trestle  work  connecting  with  Conns  Island. 

In  April  the  work  of  repairing  the  damages  was  commenced;  instead 
of  rebuilding  the  trestle,  cribs  were  sunk  about  20  feet  apart,  andfilled 
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■with  stone;  at  a  point  above  tlie  line  of  the  dam,  when  the  water-way 
was  less,  heavy  stringers  laid  on  these  cribs  carried  the  track;  these 
cribs  were  intended  to  be  used  afterwards  in  the  work  of  deflecting  the 
water  from  the  section  below  them. 

The  breaks  in  the  dam  were  repaired;  the  6-inch  pump,  and  one  of 
the  8-inch  ones  that  was  old  and  not  very  effective  were  discarded,  and 
two  new  8-inch  Bush  pumps  put  on,  making  three  in  all,  and  traction 
thresher  engines  hired  to  run  them;  these  engines  were  found  very 
convenient;  a  tramway  of  flattened  logs  was  laid  on  top  of  the  lower 
dam,  and  these  engines  would  run  out  on  it.  In  rainy  weather,  and 
when  high  water  Avas  feared,  the  pumps  and  engines  could  be  removed 
to  a  place  of  safety  in  half  an  hour,  and  as  quickly  reijlaced ;  these  three 
pumps  were  estimated,  running  at  ordinary  speed,  to  throw  10  000 
gallons  a  minute.  The  leaks  were  not  as  bad  as  they  had  been  the 
previous  season,  and  the  men  were  more  skillful  in  finding  and  stopping 
them;  some  very  large  and  troublesome  ones  were  found  and  stopped, 
fully  40  feet  from  the  outside  of  the  dams. 

The  season  was  rainy,  causing  delay,  biat  no  serious  damage  was  done, 
and  this  part  was  completed  July  1st. 

A  few  days  after  the  completion  of  this  deep  water  section,  a  rise  in 
the  river  carried  away  the  cribs  that  supported  the  track  from  Conns 
Island  to  Island  Rock,  and  that  were  intended  to  be  used  as  a  support  for 
a  dam  to  turn  the  water  over  the  comi^leted  portion,  and  out  of  the  gap 
west  of  Conns  Island. 

New  cribs  were  built  and  sunk,  but  with  great  difficulty,  the  water 
passing  through  the  gap  of  150  feet  in  width,  and  a  depth  of  5  feet, 
with  great  velocity.  The  cribs  were  built  8  feet  wide,  25  feet  long,  and  9 
feet  high,  of  round  poles  notched  at  the  corners,  and  secured  by 
I -inch  iron  rods  at  each  corner,  holding  the  top  and  bottom  together  ; 
a  flooring  of  poles  was  put  in  to  hold  the  stone  used  for  sinking.  The 
cribs  were  put  together  on  a  scow,  aad  then  the  scow  with  its  load  let 
down  by  ropes  from  the  shore  as  far  as  considered  safe  ;  wire  rope  guys 
were  then  fastened  to  the  cribs  and  secured  to  trees  on  the  island,  and 
the  cribs  launched  over  the  end  of  the  scow,  and  allowed  to  settle  down 
to  position  by  letting  out  slack  on  the  guys.  It  was,  of  course,  im^Dos- 
sible  to  move  them  up  stream  at  all  against  such  a  current,  and  one  or 
two  that  got  too  far  down  stream  were  abandoned.  After  the  cribs 
were  in  place,  they  Avere  filled  with  stone,  from  small  scows  let  down 
from  above  along  the  wire  guys;  after  they  were  filled,  heavy  stringers 
were  placed  against  the  upper  ends  of  the  cribs,  and  a  planking  of 
l-inch  boards  put  on;  some  care  was  taken  to  have  those  boards  fitted 
to  the  inequalities  of  the  bottom,  but  no  close  work  was  attempted; 
brush  with  heavy  foliage,  and  bags  of  sedge  grass,  were  then  put  in  on 
the  upper  side,  this  of  course  did  not  make  a  tight  dam,  but  it  turned 
the  water  over  the  comijleted  portion,  and  left  about  a  foot  of  water 
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on  tlie  line  of  the  dam;  this  was  taken  in  sections  of  about  a  derrick 
setting  each,  and  surrounded  with  small  dams  of  saud  bags  and  clay, 
the  water  thrown  out  and  the  dam  built  from  each  end  of  the  gap.  In 
this  manner  about  350  feet  more  of  the  dam  was  completed,  except  the 
coping  on  a  portion,  and  prej^arations  made  for  putting  in  the  closure 
of  50  feet,  when  the  weather  put  a  stop  to  the  season's  work.  Before  the 
building  had  progressed  far  enough  to  raise  the  water,  the  place  for  the 
closure  was  selected,  the  bottom  prepared,  the  concrete  foundation  and  a 
timber  frame  work  to  hold  the  planking  to  throw  the  water  through 
the  gap  in  the  coping  put  in;  very  little  troixble  was  anticipated  here, 
but  the  stone  came  slowly  from  the  quarry,  and  the  work  was  not 
pushed,  in  order  to  allow  as  much  coping  as  jjossible  to  be  set  on  the 
old  dam;  before  the  closing  of  this  gap  raised  the  water,  winter 
weather  commenced  a  month  earlier  than  the  year  before. 

The  winter's  floods  tore  away  the  upper  part  of  the  timber  frame  work 
around  the  closure,  so  that  it  was  more  difficult  to  get  it  tight  when 
work  was  resumed  in  the  spring,  but  the  gap  was  closed  the  last  of 
Ai^ril, 

Attention  was  then  turned  to  the  balance  of  the  coping  on  the  old 
dam;  about  300  feet  of  this,  being  all  the  stone  that  was  ready,  was  set 
before  the  last  dam  was  put  in  in  the  Virginia  channel,  and  while  the 
water  was  below  the  top  of  the  dam,  the  closing  of  the  Virginia  Channel 
gave  a  depth  of  not  less  than  15  inches  of  water  on  the  old  dam,  when 
there  was  about  700  lineal  feet  of  coping  to  set,  but  by  slipping  a  der- 
rick along  on  the  coping  as  set,  and  using  sand  bags  and  clay  to  exclude 
the  water,  this  stone  was  set,  and  the  work  completed  August  1st,  1886. 

Mateeials. 

The  cut  stone  for  masonry  all  came  from  the  sandstone  quarry  owned 
by  the  Government  at  Seneca,  9  miles  above  Great  Falls,  and  on  the 
bank  of  the  Chesapeake  and  Ohio  Canal;  this  quarry  was  purchased  by 
General  Meigs  for  the  purpose  of  obtaining  the  stone  for  the  conduit; 
the  stone  is  not  as  uniform  in  color  as  the  stone  known  as  Potomac  red 
sandstone,  but  is  a  very  durable  and  excellent  building  stone,  and  the 
quarry  furnished  all  the  coping  required,  about  seven  hundred  jjieces;  the 
stone  was  cut  at  the  quarry  and  taken  doAvn  the  canal  ou  scows. 

The  stone  for  concrete  was  taken  from  the  rip-rap  quarry  on  the  Vir- 
ginia bank;  a  Blake  crasher  was  set  up  between  the  quarry  and  dam, 
and  the  stone  taken  out  in  cars.  The  sand  was  obtained  at  first  from 
the  bars  in  the  river,  but  this  was  found  to  be  too  dirty,  and  it  was  then 
brought  up  the  canal  from  Washington.  The  cement  used  was  mostly 
the  so-called  Cumberland  cements  "Bound  Top"  and  "  Shepards- 
town,"  the  canal  being  their  usual  route  to  market.  "  New  York  and 
Bosendale  "  was  used  in  the  channel  section. 
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The  stone,  sand,  cement  and  other  material  were  landed  on  the  canal 
bank,  about  500  feet  above  the  conduit,  the  stone  being  handled  by  a 
derrick  worked  by  horse-power;  a  track  was  laid  from  this  derrick 
to  the  bank  of  the  river,  and  the  stone,  loaded  on  cars,  was  run  down 
a  scow  built  for  the  purpose  with  a  track  on  deck;  the  scow  was  then 
poled  across  the  Maryland  channel  and  the  cars  drawn  off  by  a  horse 
on  to  a  track  that  crossed  Conns  Island,  close  above  the  dam,  and  then 
across  the  trestle  or  cribwork  to  the  track  on  the  rip -rap  dam  in  th© 
Virginia  channel. 

I  am  sorry  to  say  that  I  cannot  give  exact  figures  as  to  the  quantity 
of  material  used  and  the  cost  of  the  auxiliary  dam  in  the  Virginia  chan- 
nel, but  the  men  Avere  moved  from  one  point  to  another  so  much  that 
the  different  parts  could  not  well  be  separated, 

I  estimated  that  7  500  cubic  yards  of  rip-rap  stone  were  used  in  the 
upper  dam,  and  fully  10  000  yards  of  clay  in  all.  The  pumps  were  run 
continuously  about  one  hundred  and  thirty  days,  not  counting  days 
when  delayed  by  high  water.  The  cost  of  pumping,  including  fuel, 
hire  of  engines  and  men  was  about  $1  600,  and  the  approximate  cost  of 
building  and  repairing  the  auxiliary  dam  and  trestles  and  pumping 
for  the  Virginia  channel  work  was  .§i2  000, 
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AN  AUTOMATIC  WASTE  WEIR. 


By  A.  D.  FooTE,  M.  Am,  Soc.  C.  E. 
Read  June  20th,  1888. 


In  constructing  canals  across  the  drainage  channels  of  an  arid 
country,  the  engineer  must  provide  for  the  sudden  and  ungovernable 
floods  to  which  such  countries  are  subject. 

Slight  though  the  rainfall  may  be  in  these  regions,  the  siin-baked, 
verdureless  hills  present  an  impermeable  surface,  shedding  water,  for  a 
time,  like  a  roof,  into  the  dry  natural  channels  which  thus  suddenly 
become  dangerous  torrents.  The  most  insignificant  of  these  channels 
may,  at  intervals  perhajjs  of  years,  become  a  river. 

Canals  crossing  the  drainage  of  such  a  country,  must  be  carried 
•either  over  or  under  all  natural  channels;  or  ways  must  be  provided  for 
the  passage  of  such  channels  through  the  canals.  The  first  two  methods, 
if  properly  carried  out,  are  excellent,  but  their  enormous  cost  in  most 
cases  renders  them  impracticable.  The  third  method  is  also  often  too 
expensive  to  be  employed,  especially  where  small  channels  are  numerous. 
It  is  therefore  only  too  common  that  canals  are  constructed  without  any 
23rovision  for  flood  waters  and  in  consequence  are  often  washed  out. 

Mr.  0.  H.  Tompkins,  Jr.,  and  myself  have  for  some  time  been 
working  over  the  problem  of  passing  sudden  flood  waters  through  a 
canal  at  no  great  cost  and  without  interfering  greatly  with  its  capacity. 
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The  accompanying  drawing  shows  a  form  of  gate  which  we  have 
found  perfectly  to  fulfill  the  above  requirements  so  far  as  experiment 
shows.     (Plate  II.) 

We  have  a  working  model  set  in  an  earth  dam,  in  a  small  creek. 
It  takes  about  ten  minutes  for  the  water  to  rise  upon  the  closed  gate  ta 
a  height  sufficient  to  open  it.  About  two  minutes  are  then  required  to 
lower  the  water  to  the  point  at  which  the  gate  closes  again  automatic- 
ally. It  is  now  over  a  month  since  the  gate  was  put  in  operation,  and 
in  spite  of  poor  workmanship  in  the  model  and  the  natural  sweUing 
and  warping  of  wood,  which,  in  so  small  a  model,  causes  much  more- 
friction  in  proportion  than  in  a  large  gate,  the  little  affair  has  never 
failed  to  open  at  the  proper  time  and  has  never  failed  to  close  again, 
except  when  some  drift  was  caught  in  it.  Had  it  ever  failed  to  open, 
the  water  would  have  raised  over  the  small  earthen  dam,  and  washed  it 
away,  as  no  other  waste  weir  is  provided. 

The  drawing  needs  but  httle  explanation.  The  gate  is  hung  upon 
horizontal  pivots,  so  placed  that  the  water  held  in  by  the  gate  cannot 
rise  above  a  certain  point  without  raising  the  center  of  pressure  above 
the  pivot.  When  the  center  of  pressure  is  raised  high  enough  to  over- 
come the  friction  and  inertia  of  the  gate,  it  opens;  the  top  moving  back- 
ward or  down  stream,  until  caught  by  a  cross-piece,  so  placed  that  when. 
the  escaping  water  has  been  lowered  to  a  certain  point,  the  pressure, 
being  removed  from  the  upper  portion  of  the  gate,  acts  upon  the  lower 
portion  only,  and  closes  the  gate. 

In  building  these  gates  the  pivot  should  be  placed  at  the  two-thirds 
point,  measuring  perpendicularly  from  the  normal  level  of  the  full 
canal.  The  gate  should  be  set  at  an  angle  from  the  perpendicular  out- 
ward that  will  enable  it  to  stand  firmly  without  water  against  it.  The 
distance  from  the  normal  level  of  the  full  canal  surface  to  the  top  of  the 
gate  should  be  as  great  as  the  banks  of  the  canal  will  allow.  It  will 
readily  be  seen  that  the  greater  this  distance  the  greater  will  be  the 
pressure  of  water  for  the  purpose  of  overturning  the  gate,  in  case  of 
any  undue  friction  that  may  occur.  The  gate,  when  closed,  should 
stand  flush  with  the  line  of  the  side  of  the  canal,  so  that  there  will  be 
no  opportunity  for  sediment  to  gather  in  front  of  the  bottom  of  the 

gate. 

In  the  drawing,  the  width  of  the  gate  is  6  feet,  the  depth  of  water 
at  the  normal  level  is  7  feet,  and  the  height  of  the  gate  is  8  feet;  con- 
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sequently  when  the  water  rises  one  foot  above  the  normal  level,  it  is 
exerting  a  pressure  of  187  pounds  upon  the  upper  jjortion  of  the  gate 
toward  opening  or  overturning  it.  It  will  be  a  grievous  fault  in  the 
construction  of  the  gate  if  it  fails  to  open  under  these  conditions. 

The  angle  at  which  the  gate  shall  stop  against  the  cross-piece,  as 
shown  in  Figs.  3  and  4,  is  about  8  degrees  from  the  horizontal.  The 
amount  of  pressure  exerted  by  the  water  upon  the  lower  end  of  the 
gate  to  bring  it  back  to  its  upright  position,  is  not  so  easily  calculated 
as  the  pressure  that  opens  it.  When  the  water  is  down,  nearly  to  the 
level  of  the  pivot  of  the  gate,  the  rush  of  the  current  piles  it  up  on  the 
lower  end  of  the  gate  so  that  the  pressure  exerted  to  close  it  is  much 
greater  than  if  the  water  were  quiet.  The  amount  of  pressure  will  de- 
13end  ujjon  the  angle  at  which  the  gate  is  held  by  the  cross-piece. 

Brush,  or  other  debris,  may  clog  the  gate  and  i^revent  its  shutting 
automatically,  but  this  will  entail  no  los«,  except  the  waste  of  water 
while  the  gate  is  allowed  to  remain  open .  Where  it  is  advisable  to  have 
the  upper  side  of  the  canal  kept  uniform,  ordinary  barn-door  gates, 
opening  into  the  canal,  can  be  iised  to  allow  the  flood  water  to  pass 
into  and  through  the  canal. 

This  weir  can  also  be  used  to  great  advantage  as  an  additional  security 
for  reservoirs.  By  placing  them  on  a  i^ortion  of  the  waste  weir,  they 
can  be  so  arranged  that  a  foot  rise  in  the  reservoir  will  quadruxjle,  or 
more,  if  advisable,  the  cajiacity  of  the  waste  weir,  by  instantly  adding 
several  feet  in  depth  to  the  overflow.  They  would  save  the  expense 
and  danger  of  an  enormously  long  weir,  and  would  give  the  desired 
caiDacity  without  lowering  the  ordinary  height  of  the  weir.  By  ijutting-^ 
in  a  suflficient  number,  they  would  make  it  impossible  for  the  water 
ever  to  rise  to  a  dangerous  height  in  the  reservoir. 

It  also  seems  to  me  that  they  might  be  adapted  for  use  in  the  auto- 
matic fliishing  of  sewers,  but  in  this  kind  of  work  I  have  very  little 
experience.  The  gates  could  be  so  arranged  as  to  require  but  a  small 
amount  of  water  to  open  them,  and  they  undoubtedly  will  turn  the 
water  loose  all  at  once.  By  properly  arranging  the  flow  above  the  gate 
they  could  be  made  to  dump  the  water  at  desired  intervals. 
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NOTES  ON  THE  CLASSIFICATION  OF  RAILROAD 
ACCOUNTS  AND  THE  ANALYSIS  OF  RAIL- 
ROAD RATES. 


By  Geatz  Mokdecai,  Assoc.  Am.  Soc.  C.  E. 
Head  February  15th,  188S. 


Something  over  a  year  ago  I  was  requested  Ly  the  United  States 
Commissioner  of  Labor,  Mr.  Carroll  D.  Wright,  to  trace  out  what  may 
be  termed  the  development  of  the  cost  to  the  final  consumer  of  some  of 
the  principal  articles  of  domestic  production  and  consiimption — exam- 
ining and  analyzing  each  separate  step,  and  then  combining  them  all  in 
a  condensed  summary ;  and  though  the  investigation  called  mostly  for 
statistical  work,  it  may  be  that  some  of  its  jjhases  will  prove  of  in- 
terest. 

Especially  may  this  be  the  case  in  that  part  relating  to  the  cost  of 
transportation  ;  and  while  I  do  not  intend  to  give  the  final  results  in 
any  case,  it  will  do  no  harm  to  present  my  general  methods  with  some 
special  exauii)les. 
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To  be  sure  such  au  investigation  must  always  be  carried  on  from  the 
one  point  of  view  of  the  final  consumer  and  not  from  the  many  points- 
of  view  of  the  individual  operators  ;  it  must  be  definite  and  limited  in  its- 
scope  ;  it  must  start  the  initial  raw  material  from  a  certain  district  or 
place  at  a  definite  date,  and  carry  it  by  regular  and  re^Dresentative  methods 
through  its  whole  course.  For  instance,  iron  ores  mined  in  Michigan, 
carried  in  June  by  lake  and  rail  to  the  furnaces  and  mills  of  the  Mahon- 
ing Valley,  and  there  other  supplies  added  and  work  done  and  finally 
delivered  as  nails  to  a  carpenter  in  Dayton,  Ohio;  or  wool  grown  on  a 
farm  in  Ohio,  made  into  cloth  in  New  England,  into  clothing  in  Chicago, 
and  sold  by  a  retail  dealer  at  Minneapolis  ;  and  in  like  manner  each  step 
which  goes  to  make  the  cost  of  bread  sold  by  a  baker  in  Second  avenue. 
New  York  City,  and  of  beef  sold  by  an  East  side  butcher.  It  is  evident 
that  in  order  to  make  such  investigations  at  all  accurate  in  detail,  or  at  all 
instructive  in  results,  it  is  not  only  necessary  to  adopt  a  definite  time 
and  market  price,  representative  i^oints  and  a  quick  movement  (storage 
and  speculation  are  not  considered),  but  that  a  certain  general  scheme 
of  analysis  should  run  through  the  whole,  applicable  alike  to  the  work 
of  a  small  farmer  or  a  great  railroad,  of  a  wealthy  merchant  or  a  peddler. 
In  fixing  this  general  scheme  of  analysis  I  was  greatly  assisted  by  studying 
the  working  of  a  blast  furnace,  which  is  a  concentrated  operation,  and 
yet  contains  the  elements  of  any  business  and  allows  of  a  compact  and 
simple  method  of  keeping  accounts.  The  value  of  the  method  I  adopted 
comes  from  the  almost  mechanical  consistency  of  its  application. 

It  can  be  very  safely  assumed  that  all  work  contains  three  main  ele- 
ments of  cost  to  the  consumer  : 

1st.  The  cost  of  oi^erating;  2d,  the  cost  of  soliciting;  3d,  the  cost  of 
managing  (which  includes  the  profit  of  the  operator)  and  under  these 
heads  it  is  not  difficult  to  discern  certain  well-defined  divisions.  1st, 
The  cost  of  capital,  such  as  rent  and  taxes;  2d,  the  cost  of  labor  of 
all  kinds;  3d,  the  cost  of  supplies  consumed;  4th,  the  cost  of  repairs 
(in  which  labor  and  material  should  be  always  separated).  The  sum  of 
these  represents  the  total  gross  cost  to  the  consumer,  and  by  subtract- 
ing from  this  total  (5th),  the  incidental  receipts  of  the  operator  from 
waste  and  other  sources,  the  market  price  or  actual  cost  to  the  consumer 
is  obtained.  In  some  operations,  as  for  instance,  a  dealer  on  an 
exchange,  the  work  of  operating  is  absent;  but  as  a  general  thing,  all 
these  elements  are  present  and  also  the  five  subdivisions  under  each 
head  as  is  shown  by  the  tables  and  examples. 
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Its  application  to  railroad  work  is  expressed  in  the  general  tabular 
form,  Table  No.  1  and  special  examples,  Tables  Nos.  2,  3  and  4.  Tliis 
general  form  applies  both  to  the  total  yearly  work  (Taljle  No.  2)  and 
to  special  freight  movement  (Tables  No.  3  and  4),  but  it  is  best  to  ex- 
plain a  few  points  before  using  it  in  the  latter  way. 

The  cost  of  capital,  under  the  head  of  operating,  in  all  the  work  of 
production  and  sale,  is  taken  as  the  interest  on  the  total  cost  or  present 
value  (in  other  words  the  rental,  actual  or  deduced)  of  the  work.  In 
railroad  w'ork,  however,  it  is  only  taken  as  the  sum  of  all  the  fixed 
charges  and  no  effort  is  made  to  fix  the  total  cost  or  value  of  a  railroad 
and  equipment. 

Hence  in  the  first  case  the  profit  or  loss  under  the  head  of  managing 
work  represents  only  the  return  for  the  work  done,  whilst  in  railroad 
work  it  represents  only  the  return  for  the  cajiital  invested  by  the  stock- 
holders, and  it  is  not  considered  that  there  is  any  return  for  the  work 
done,  and  this  appeal's  for  several  reasons  (being  purely  a  transmitting 
work)  to  be  a  logical  distinction,  and  in  some  cases  doubtless  a  true 
■expression. 

To  be  sure,  the  work  of  managing  depends  upon  the  individual  opin- 
ions and  aims  of  the  managers,  their  general  and  special  policy,  as  well 
as  the  efiects  of  supply  and  demand  and  of  comijetition,  and  hence  in 
analyzing  any  special  market  price  at  a  given  time,  no  attempt  is  made 
to  sej^arate  the  items  of  cost  of  this  work  of  managing,  nor  any  efi'ort 
made  to  state  the  exact  profit  or  loss  on  any  jjarticular  movement.  Still 
the  difference  between  the  market  price  and  the  sum  of  the  cost  of  the 
commercial  work  of  operating  and  soliciting  always  rej^resents  the  cost 
of  managing  as  a  whole.  Where  the  market  price  is  greater  than  the 
total  cost  of  the  commercial  work,  the  difference  represents  the  net  cost 
to  the  final  consumer  of  the  work  of  managing.  Where  the  balance  is 
the  other  way  and  the  market  price  is  less  than  the  cost  of  the  com- 
mercial work,  the  difierence  or  loss  of  the  managers  represents  the  net 
receipts  which  the  final  consumer  gets  from  the  work  of  managing. 
Therefore,  to  obtain  this  lump  cost  of,  or  receipts  from  the  work  of 
managing  in  any  given  case,  it  is  necessary  to  determine  the  cost  of 
operating  and  soliciting,  and  the  methods  I  have  adopted  in  doing  this 
in  railroad  work  may  he  of  interest.  They  have  all  been  derived  as 
correctly  as  possible  from  the  jiublished  reports  to  stockholders  and 
State  officers.     It  may  be  well  to  state  clearly  that  it  is,  and  always  will 
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"be,  impossible  to  obtain  the  exact  cost  even  of  the  simple  operating  and 
•soliciting  work  of  moving  any  particular  article  at  a  given  time  between 
two  given  points  by  railroad,  but  I  will  proceed  to  give  some  special 
results,  and  in  a  general  way  state  how  they  are  obtained. 

Plrst — The  fixed  charges  actually  paid  chargeable  to  road  freight 
work  are  all  added  up  and  divided  by  the  total  yearly  ton  mileage  of  the 
system,  and  this  result  multiplied  by  the  number  of  miles  the  special 
article  is  moved  over  the  system,  gives  the  cost  of  capital  chargeable  to 
that  movement.  Car  service  and  interest  charges  are  charged  against 
road  work,  but  if  there  are  any  rentals  or  charges  exclusively  against 
terminal  work,  they  are  divided  per  ton  handled,  and  added. 

Then  the  cost  of  road  labor,  superintendence,  train  hands,  watch- 
men, proportion  of  the  agents,  etc. ,  is  divided  by  the  total  ton  mileage, 
and  the  result  multiplied  by  the  number  of  miles  moved,  and  to  the 
IDroduct  is  added  the  cost  of  terminal  labor  on  the  special  article  exam- 
ined, derived  largely  from  the  excellent  tables  given  by  Mr.  Octave 
Chanute,  M.  Am.  Soc.  C.  E.  The  sum  gives  the  total  cost  of  labor 
•chargeable  to  the  special  movement.  Then  the  cost  of  fuel  and  sui^jjlies 
consumed,  and  of  road  and  rolling  stock  and  terminal  repairs  are  treated 
in  a  similar  way,  and  from  the  total  sum  is  subtracted  the  total  incidental 
receipts,  also  obtained  by  a  similar  method,  resulting  in  the  ap^jroximate 
net  cost  of  operating  that  special  movement.  A  similar  method  is 
adopted  with  the  cost  of  soliciting  work,  and  the  total  of  operating  and 
soliciting  work  subtracted  from  the  special  freight  rate  gives  the  total  net 
result  of  the  work  of  managing,  chargeable  to  that  special  movement. 

As  many  of  these  latter  expenses  of  managing  are  of  special  applica- 
tion and  indivisible  per  unit,  no  attempt  is  made  to  separate  or  define  the 
items,  and  it  is  simply  taken  in  all  cases  and  in  all  work  as  the  lump  sum 
representing  the  cost  of  or  receipts  from  the  work  of  managing.  It  is  a 
constant  and  interesting  item  in  examining  the  cost  of  the  work  of  a 
farmer  or  a  manufacturer,  of  a  retail  dealer,  or  a  railroad  comjDany.  One 
of  the  specific  examples  here  taken  shows  that  the  movement  of  a  barrel 
of  flour  from  Minneapolis  to  New  York  is  done  at  less  than  the  actual 
cost  of  the  commercial  work,  and  that  the  consumer  receives  thirteen 
cents  from  the  managers  of  the  railroad  as  their  loss  on  the  movement. 
But  it  must  be  noticed  that  this  is  less  than  the  cost  of  the  fixed  charges 
chargeable  to  this  work  (twenty-eight  cents),  hence  the  difierence  (fifteen 
cents)  is  the  amount  earned  from  this  movement  towards  paying  the 
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fixed  charges,  and,  therefore,  this  rate,  fixed  by  supply  and  demand  by- 
competition  and  by  public  and  corporate  policy,  is  justified,  especially 
when  we  consider  the  large  yearly  movement,  and  the  resulting  biirden 
which  would  be  thrown  on  other  traffic  if  this  movement  were  abandoned 
by  the  trunk  line  railroads,  and  the  great  public  advantages  arising 
therefrom  ignored.  Local  business  and  more  expensive  goods  which 
can  bear  higher  rates,  and  are  moved  in  smaller  total  rxuantities,  do  not 
separately  i^ay  as  large  an  amount  of  fixed  charges,  but  pay  more  of  the 
cost  of  managing,  including  profit,  which  is  large  by  unit  of  weight, 
though  it  may  be  small  in  total  amount.  It  is  thus  seen  that  a  large 
and  long  movement  which  actiially  does  not  pay  the  "  cost  of  operating  " 
may  be  more  valuable  to  a  railroad  in  helping  it  to  earn  its  fixed  charges 
than  a  considerable  though  short  movement,  yielding  a  large  relative 
profit  to  the  management. 

This  system  of  accovmts  is  carried  on  uniformly  through  all  the  oi^- 
erations  of  commerce,  resiilting  in  the  detailed  analysis  and  development 
of  the  final  cost  to  the  consumer,  and  condensed  summaries  thereof. 

In  railroad  work  the  basis  of  the  system  is  the  average  cost  of  road 
work  per  ton  mile,  certain  allowances  being  made  for  freight  costing 
more  or  less  than  the  average  in  some  cases,  and  special  additions  being 
made  for  terminal  and  soliciting  Avork,  and  the  remainder  representing 
the  work  of  managing. 

This  i^lan  is  similar  to  the  formulas  prejDared  by  Mr.  Albert  Fink,  Past 
President  Am.  Soc,  C.  E. ,  but  I  have  tried  to  classify  the  items  in  order  to 
separate  clearly  dissimilar  and  incongruous  elements  often  found  mixed 
in  railroad  reports.  I  have  introduced  the  three  main  heads  of  operating, 
soliciting  and  managing,  and  have  attempted  to  follow  out  under  each 
the  five  sub-heads  of  capital,  labor,  supplies,  repairs  and  incidental  re- 
ceijits,  which  last  I  have  tried  to  express  in  each  case  in  figures,  for  I 
have  found  that  it  is  an  important  consideration  in  the  clear  imderstand- 
ing  of  commercial  work. 
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General    Analysis   of     the     Cost    to    the    final    Consumees     of    the    Movement    of 

Freight  on  Eailroads. 


Cost  of  Eailroad's  Work  of 

Final    cost    of 
freight  move- 
ment or  rail- 
road's    gross 
freight  re- 
ceipts. 

Chief  elements  of 
cost  to  the  final 
consumers. 

Operating. 

Soliciting. 

Managing. 

Per 

cent. 

Road  work. 

Terminal 
work. 

of 
Final 

In  analysis  of  any 
definite  rate. 

Divide  by  ton 
mileage. 

Special. 

Divide     by    ton 

mileage  or 

special. 

Not  Specified. 

cost. 

Cost  of  Capital, 
paid  to  owners  of 
money,  property, 
franchises     and 
rights. 

(Proportion.) 

Interest    paid 

on  bonds. 

Rentals. 

Car  Service. 

Fixed  Charges. 

Rentals. 

Car  Service. 

Fixed  Charges. 

Rents  of  Offices, 
etc. 

Taxes,  etc. 
Stockholders' 
receijiis,    divi- 
dends, surplus, 
etc.,  credited  to 
freight     move- 
ment. 

(Proportion.) 

Total  cost  of  cap- 
ital charge- 
able to  freight. 

■6 

u 

s 
a 

Cost  of  Labor, 
paid  to  workmen. 

Train  superin- 
tendence. 
Watchmen, 
Clerks,  etc. 

Yard-house 
superintend- 
ence, etc. 

Freight   and  so- 
liciting agents, 
and  Clerks,  etc. 

General  Officers. 
General  Clerks. 

Legal,  etc. 
(Proportion.) 

Total  cost  of 

labor 

Chargeable  to 

freight. 

o 

Cost  of  Supplies, 
paid  to  produc- 
ers    and     mer- 
chants. 

Fuel,  oil, 

water,  waste, 

etc. 

Fuel,  oil, 

water,  waste, 

etc. 

Fuel, 
Office  supplies. 

Investments. 

Banking. 

Money  in  UBe,etc. 

(Proportion.) 

Total  cost  of 

supplies 

chargeable  to 

freight. 

§ 

a 

Cost  oj  Repairs  to, 
paid     to    work- 
men   and    mer- 
chants. 

Plant. 
(Labor  and  ma 

Plant, 
terial  separate.) 

Offices,  etc. 

Insurance, 

Losses, 

Discounts,  etc. 

(Proportion.) 

Total  cost  of 
Repairs 

chargeable  to 
freight. 

'6 

o 

Gross  Cost. 

Total. 

Total. 

Total. 

Total. 

Total  Gross. 

Deduc'd 

Less  iLcidental  re- 
ceipts    of      rail- 
roads, etc. 

Rents 

Supplies 

Waste 

Use  of  road. 

.  received, 
sold, 
sold. 
Use  of  Termini. 

From  rents, 
waste,  etc. 

From  stockhold- 
ers' interest  on 
inve  8  t  m  e  n  ts, 
etc  ;    also  from 
stock  holders' 
losses;  final  loss 

Deduct  inciden- 
tal receipts 
chargeable  to 
freight. 

1 

3 
•3 
<u 
Q 

Net    cost  to  final 
consumer. 

Net  Cost. 

Net  Cost. 

Net  Cost. 

Final      cost    or 
railroad's   fr't 
earnings,  i.  e., 
gross  receipts 
from  freight. 

100.0 

Per  cent,  of  final. 

Deduced. 

Deduced. 

Deduced. 

100.0 

Note. — All  transler  work  in  roa^-work.      Termini  are  where  a  station  yard  engine  is  used. 
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Analysis  of  the  cost  to  tlie  final  consumers — being  Railroad's  gross 
Freight  Earnings— due  to  the  movement  of  freight  in  the  year 
1886  on  the  main  line  and  branches  of  a  Trunk-line  Eailroad  having 
a  terminus  at  New  York  City  (figures  deduced  from  annual  report). 

Total  miles  of  road  operated . .  1  441  miles. 

"     freight  moved 12  718  101  tons. 

"     freis-ht  mileage 2  414  266  463  ton  miles. 


Cost  of  Railroad's  Work  of 

_^         i 

Elements  of  Cost. 

Operating. 

Solic- 
iting. 

Man- 
aging. 

g         ,Per    Cent,    of    Final 
^         j                Cost. 

Road. 

Termini. 

H          i 

Cost  of  Capital 

5  082  810 

2  792  517 
1  220  156 

3  510  267 
12  005  810 

1  01 

54  240 

2  842  732 
109  256 

200  000 

100  000 

364  972 
5  000 

*3  408  128 

236  140 
19  447 

156  807 

8645208    47  l-9-*-  =  38Nett.\ 
6  236  391    34 

1353  859      7.5 

3  867  074    20.5  \^?^^';^'^^^- 

I       "      }  mat  1. 

Total  Cost  gross 

Less  incidental  receipts. . 

3  200  228 
n  mn 

409  972 

3  820  522 
626  000 

20  102  532 
1  626  000 

109.0 

I' Part    of   divi- 

i    fiends  hence 

aJ    are    taken 

9.0]    from    caiital 

1    cost  —  above 
I    A. 

>'et  Cost 

14  812  038 

469  972 

3  194  522 

18  476  532 

100.0 

Per  Cent  of  Final  Cost . . . 

80.0 

2.5 

17.5 

100.0 

Note. — All  general  items  not  specially  allotted  in  the  report  to  either 
passenger  or  freight  business  (such  as  interest,  rents,  dividends,  etc. , 
all  paid  and  received)  are  here  allotted  to  freight  movement  in  the 
proportion  that  the  earnings  from  freight  movement  bear  to  the  total 
(operating)  earnings. 

*The  actual  dividends  and  surplus  for  the  year  chargeable  to  profit  on  freight  movement 
amounted  to  $866  135.  The  remainder  of  this  charge  comes  from  taxes  ($916  877)  and  in- 
cidental receipts— rents,  etc.,  $1  620  000  allottable  to  freight  movement,  and  this  last  item 
forms  the  chief  part  of  the  yearly  dividends  and  surplus  which  really  arise  more  from  in- 
cidental receipts,  rents,  mail,  express,  etc.,  than  from  iDrofits  on  passenger  and  freight 
movement. 


Vol  xviii,  p.  06.  TABLE  No.  3. 

Analysis  of  the  cost — to  the  final  consumers — of  moving  a  barrel  of  flonr 
(215  jjounds  gross)  1)y  rail  from  a  mill  in  Minneapolis  to  a  fi'eight 
pier  in  New  York  City  over  three  independent  railroads  having  a 
through  freight  rate  over  the  route,  which  is  1  400  miles  long  :  420 
miles  over  the  first,  540  miles  over  the  second  and  440  miles  over 
the  third  or  Eastern. 


Cost  of  Eailkoads'  Operating  (variable)  per  Barrel,  October,  1887. 

Cost  of  Capital,  interest,  fixed  charges,  rents,  etc 0.28 

"     Labor,  on  roads  and  at  terminal  points 0.18 

' '     Supplies — fuel,  etc 0. 09 

"     Eepairs,  to  plant,  labor  and  material 0.25 

Total  cost  of  ojjerating 0.80 

Less  incidental  receipts 0.03 

Net  cost  of  operating 0. 77 


Cost  of  Railroads'  Soliciting  (variable)  per  Barrel. 
Cost  of  capital,  0.00;  labor,  0.01 ;  supplies,  0.001;  repairs,  0.001.  0  01 

0.78 

Receipts  from  Railroads'  Managing  (Items  indivisible). 

Cost  of  Capital,  taxes,  etc .....' "j 

' '      Labor,  general  officers,  legal,  etc    • 

"      Supplies,  banking,  investments,  etc i 

"      Repairs,  insurance,  losses,  etc J 0.13 

Total  cost  of  managing. 
Less  receipts  from  incidental  sources. 

Net   receipts    from  managing,,  including,  I 

but  not  stating,  railroads'  net  loss  on  this  |-  —0.13. . 

movement j 

Final  cost  to  the  consumer  or  through  freight  rate   per  bar- |         q  ^r 

rel  of  flour — Minneapolis  to   New  York — October,  1887 i 

(This  is  a  large  total  movement.) 


Vol.  xviii,  p.  66.  TABLE  No.  4. 

Analysis  of  the  cost  to  the  final  consumer  of  moving  a  case  of  dry  goods 
(220  pounds  gross)  between  two  local  stations  60  miles  apart  on  one 
of  the  railroads  referred  to  on  Table  No.  3- 

Cost  of  Railroad's  Operating  (variable)  per  Case. 

Cost  of  Cai)ital,  interest,  fixed  charges,  etc 0.01 

"     Labor — on  road  and  at  stations 0.02 

"      Supplies,  fuel,  etc 0.01 

"     Repairs  to  plant  (labor  and  material) 0.02 

Total  cost  of  operating 0.06 

Less  incidental  receipts 0.00-f- 

Net  cost  of  operating 0.06  — 

Cost  of  Railroad's  SolicitjnXt  (variable). 
Cost  of  Capital.  Labor,  00+        Supplies.         Repairs.         0.00+ 


0.2* 


Cost  of  Railroad's  Managinct  (Items  indivisible). 

Cost  of  Capital,  taxes,  etc ] 

"      labor,  general  officers,  legal,  etc ; 

"      sujjplies,  banking,  etc [ 

"      repairs,  insurance,  losses,  etc J   

Total  cost  of  managing f  0.27 

Less  receijits  from  investments,  iueiden-  i 

tal,  etc 

Net  cost  of  managing,  including,  but  not 
stating,  railroads'  profit  on  movement . . 
Final  cost  to  consumer  or  local  freight  rate  for  60  miles,  a   \ 

general  rate  between  several  local  stations,  15  cents  per   |-  0.33 
100  pound  (small  total  movement) ) 
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THE    CABLE   EAILWAT 

ON    THE 

NEW  YOM  AND  BROOKLYN  BRIDGE. 


Bv  G.  Levekich,  M.  Am.  Soc.  C.  E.* 


1st. — The  New  York  and  Brooklyn  Bridge,  more  commonly  known 
as  the  East  River  Bridge,  is  the  suspension  bridge  which  spans  the  East 
River  and  connects  the  cities  of  New  York  and  Brooklyn.  The  struct- 
ure proper  extends  from  the  easterly  side  of  Chatham  street  (recently 
re-named  Park  Row)  New  York,  to  the  westerly  side  of  Sands  street, 
Brooklyn,  being  on  the  centre  line,  from  end  to  end  6  017.33  feet  in 
length.  Extensions  for  switching  and  storage  of  cars  reach,  one  in  New 
York  over  Chatham  street,  109.88  feet,  and  one  in  Brooklyn  over  Sands 
and  High  streets,  389.22  feet. 

I.— DESCRIPTION. 

2d. — The  Railway. — The  railway  jjroper  is  from  New  York  Station 
on  the  easterly  side  of  Chatham  street,  to  Brooklyn  Station  on  the 
westerly  side  of  Sands  street ;  passengers  being  received  and  discharged 
only  at  these  points.  The  railway  is  double-tracked,  of  the  standard 
gauge,  4  feet  8^  inches,  and  laid  with  steel  rails  weighing  52  pounds  to 

*  This  Paper  iu  an  incomplete  form,  was  read  at  the  Annual  Convention,  July  6,  1887; 
it  is  now  brought  down  to  May  1, 1888. 
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tlio  yard  ;  the  grade  ranges,  as  shown  ]>y  profile,*  Plate  XXVI,  from 
nearly  level,  to  over  3?  per  cent.;  the  summit  in  the  center  of  the  siis- 
jJended  span,  being  at  a  mean  height  above  the  track  in  New  York  Sta- 
tion of  81.3  feet,  and  in  Brooklyn  Station  of  56.9  feet.  The  length  of 
cable  within  the  rails,  between  the  outgoing  and  incoming  sheaves,  and 
therefore  available  for  train  service,  on  the  northerly  track  is  5  446.7 
feet,  and  on  the  southerly  track  5  441.4  feet ;  a  total  of  2i\  miles.f 

3d. — Cable  Driving  Plant. — The  cable  is  driven  continuously  in 
one  direction  by  either  of  two  stationary  steam  engines,  placed  under- 
neath the  Railway  in  the  Brooklyn  Approach,  a  short  distance  westerly 
of  Brooklyn  Station  ;  the  cars  are  attached  to  the  cable  by  a  roller  grip, 
one  on  each  car,  and  are  run  singly  or  in  trains,  as  the  traffic  requires  ; 
they  are  switched  at  the  stations  from  one  main  track  to  the  other  by 
locomotives,  which  also  are  used  to  haul  the  trains  in  the  night  time 
when  the  travel  is  light ;  or  when  from  any  cause,  the  cable  is  tem- 
porarily stopped.  The  cable  driving  plant  consists  of  steam  boilers  and 
engines,  winding  drums,  tension  cars,  guide  and  deflection  sheaves,  bear- 
ing and  tilting  pi;lleys,  and  their  several  attachments.  J 

4th. — The  Boilers. — There  are  six  water  tube  steam  boilers  of  a 
well-known  type ;  they  are  set  in  pairs,  and  may  be  operated  singly  or 
together  ;  each  has  54  water  tubes,  4  inches  in  diameter  and  18  feet 
long,  also  a  cylindrical  steam  drum  3  feet  in  diameter  running  the 
full  length  of  the  boiler,  and  is  rated  at  104  horse-power  ;  the  grates  are 
3  feet  10  inches  wide  and  7  feet  long  ;  they  have  revolving  self-stokiug 
grate  bars.  The  boiler  house  is  a  detached  brick  building  ;  the  chim- 
ney is  of  brick,  double  walled  up  to  33  feet  from  the  top  ;  its  base  is  15 

*  This  is  the  construction  profile;  the  grades  shown  for  the  suspended  structure  being 
those  which  were  intended  it  should  have  at  a  temperature  of  90"  Fahr.  The  superstruc- 
ture rises  and  falls  inversely  with  the  temperature  and  the  grades  on  it  vary  consider- 
able from  those  shown. 

t  During  the  design,  construction  and  oi)eration  of  this  Kailway,  the  engineers  prin- 
cipally in  charge  were:  Washington  A.  Roebling,  Chief  Enginetr  to  July  1,  1883,  who 
was  then  succeeded  by  Charles  C.  Martin,  formerly  Principal  Assistant  Engineer,  since  Chief 
Engineer  and  Superindent  ;  William  H.  Paine,  Assistant  Engineer  to  January  1,  1886,  and 
now  Consulting  Engineer;  and  Samuel  R.  Probasco,  now  First  Assistant  Engineer.  The 
writer  was   not  engaged  in    this  department  until  October  4,  1883. 

t  Letters  Patent  of  the  United  States,  upon  portions  of  this  plant,  have  been  granted  to 
William  H.  Paine,  as  follows: 

173  329 — Device  for  counecting  Cars  with  moving  Ropes  ;  February  8,  1876. 

296  602— Cable  Railway  Appliances  ;  April  8,  1881. 

296  603— Auxiliary  Switching  Apparatus  for  Cable  Railways  ;  April  8,  1881. 

296  604 — Gripping  and  Hrake  Mechanism  lor  Cable  Railways  ;  .\ijril  8,  1884. 

296  605— Roller  Grip  for  Cable  Railways  ;    April  8,  1884. 

296  606 — Automatic  Connector  and  Disconnector  for  Grips  of  Cable  Railways  ;  April 

8,  1884. 
331  237 — Cable  Supporting  Sheaves  for  Cable  Railways  ;  November  24,  1885. 
331  238 — Hand  Mechanism  for  Operating  Grippers  for  Cable  Railways  ;    November 

24,  1885. 
■331239— Rope  Driving  Machinery  ;  November  24,  1885. 
.371  095— Giipper  for  Cable  Railways  ;  October  4,  18s7. 
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leet  4  inches  square,  and  its  height  from  fonndation  to  top,  139  feet  10 
inches  ;  tlie  flue  is  5  feet  3  inches  square  at  the  base,  and  5  feet  6  inches 
square  at  the  top  ;  its  height  is  129  feet  4  inches.  A  platform  elevator 
lifts  the  ashes  from  the  boiler  house  floor,  about  15  feet  up  to  the  level 
of  the  adjacent  sidewalk  ;  it  is  operated  by  a  steam  winding  engine,  with 
cylinder  6  inches  in  diameter  and  7  inches  stroke.  The  chimney  drafts 
are  controlled  by  an  automatic  damper  regulator,  whereby  the  boiler 
pressure,  under  all  the  changing  loads  imposed  on  the  engines,  is  kept 
close  to  the  mean  limit,  or  about  76  pounds.  The  feed  water  is  supplied 
to  the  boilers  by  a  direct  acting  steam  pump  Avith  steam  cylinder  10 
inches  and  pump  cylinder  6  inches  in  diameter  ;  the  stroke  is  12  inches. 
The  exhaust  steam  passes  through  a  vertical  tubular  feed  water  heater, 
3  feet  4  inches  in  diameter  and  11  feet  high.  Besides  furnishing  steam 
for  the  engines  of  the  cable  driving  plant,  these  boilers  supply  one  or 
more  of  three  electro-lighting  engines,  each  of  about  50  horse-power,  and 
one  workshop  engine  of  about  20  horse-power  ;  also  in  cold  weather  for 
heating  Brooklyn  Station,  the  office  building  and  the  worksho^js. 

5th.— The  Engines. — For  the  cable  driving  plant  there  are  two 
horizontal  steam  engines;  the  cylinders  are  26  inches  in  diameter  and 
the  stroke  48  inches;  the  fly-wheels  are  18  feet  in  diameter  and  weigh 
30  000  pounds.  These  engines  have  a  specially  devised  automatic  cut- 
oif  valve  gear;  they  are  connected  to  the  outer  ends  of  the  main  or  drum 
shaft  and  drive  it  by  jaw  clutches,  but  one  engine  being  operated  at 
a  time.  At  mean  speed  they  make  57  revolutions,  or  their  pistons  move 
456  feet  per  minute.  The  position  of  the  engines,  drums,  the  Brooklyn 
tension  car  and  the  Brooklyn  sheaves,  is  shown  in  Plates  III  and  IV. 

6th. — The  Drums. — There  are  two  large  drums,  12  feet  in  diameter 
with  26  inches  face,  and  one  small  drum,  5  feet  in  diameter,  with  31* 
inches  face.  There  are  four  semi-circular  grooves,  originally  f  inch 
deep,  in  each  of  the  large  drums;  the  shafts  are  placed  in  vertical  planes 
17  feet  apart,  and  are  inclined  in  different  directions,  1  in  128  from  the 
horizontal,  so  that  the  grooves  at  the  bottom  of  the  drums,  are  opposite 
each  other  and  at  the  top,  the  second,  third  and  fourth  grooves  of  one 
or  the  driving  drum  are  opposite  respectively  the  first,  second  and  third 
grooves  of  the  other  or  driven  drum;  thereby  Ihe  lines  of  cable  as  it  is 
wound  around  the  two  drums,  i^ass  fairly  from  one  set  of  grooves  to  the 
other.  The  small  drum  is  placed  midway  lietwcen  the  large  drums,  and 
fills  nearly  or  quite  the  entire  space,  except  opposite  the  grooves,  where 
its  face  is  cut  away;  it  runs  loose  on  the  main  shaft.  On  one  side  of  the 
small  drum  and  close  to  it,  is  keyed  to  this  shaft  a  pinion  with  35  teeth 
and  pitch  circle  5  feet  in  diameter,  which  gears  into  a  wheel  keyed  on 
the  shaft  of  and  l>olted  to  the  driving  drum;  this  wheel  has  84  teeth  and 
pitch  circle  12  feet  in  diameter;  the  pitch  of  the  teeth  is  5.39  inches  and 
their  face  length  12  inches.  At  mean  speed  the  large  drums  revolve  23f 
times  per  minute,  whereby  the  mean  speed  of  the  cable  would  be  895.35 
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feet  1361-  minute  or  10.17  miles  per  lionr,  were  the  grooves  unworn  and 
there  was  no  slipping  on  tlie  drums;  the  mean  sj^eed  of  the  cable  is  gen- 
erally taken  at  880  feet  per  minute  or  10  miles  per  hour.  The  drums  and 
their  bed  plate  are  shown  in  Plates  III-Y;  the  gearwheel  and  pinion 
being  omitted  from  all  but  the  elevation,  Plate  III. 

7th. — The  Cable. — The  i-able  is  made  of  crucible  steel;  it  is  about 
11  500  feet  long;  when  new  it  was  1^  inches  in  diameter,  and  weighed  3^ 
pounds  to  the  foot  length.  It  contains  114  wires,  each  neai'ly  -,-£,-  inch  in 
diameter,  laid  iu  sis  strands  around  a  central  strand  of  hemp.  Beginning 
at  the  point  where  the  cable  first  reaches  the  drums,  its  course  about 
them  is:  down,  one  fourth  way  around  the  driving  drum,  half  way  around 
each  dram  successively  three  times,  and  up  one  fourth  way  around  the 
driven  drum;  from  the  drums  it  passes  over  a  guide  sheave,  around  the 
sheave  of  the  Brooklyn  tension  car,  under  another  guide  sheave,  up 
through  the  arch  of  Brooklyn  Approach  and  over  the  outgoing  sheave 
near  Brooklyn  Station  to  the  northerly  track  of  the  Railway;  along  this 
track  to  the  incoming  sheave  in  New  York  Station;  thence  down  under 
the  Piailway,  around  this  and  two  other  sheaves  and  under  the  footway 
to  the  New  York  tension  ear;  around  the  sheave  of  this  car,  over  the 
outgoing  sheave  in  New  York  Station,  up  to  the  southerly  track  of  the 
Railway;  thence  along  this  track  to  the  incoming  sheave  near  Brooklyn 
Station,  over  this  sheave  and  down  through  the  arch  of  Brooklyn  Ap- 
l^roach  to  point  of  starting. 

8th.— The  Tension  Cars. — To  prevent  the  cable,  under  whatever 
traction  resistance  it  has  to  overcome,  from  slipping  on  the  drums,  as 
well  as  to  take  up  whatever  elongation  there  may  be  in  the  cable  at  the 
rear  of  trains  from  Brooklyn  Station,  a  certain  stress  must  be  maintained 
in  the  cable  as  it  leaves  the  drums,  and  this  is  done  by  the  Brooklyn 
tension  car.  To  take  iip  the  elongation  which,  more  or  less,  runs  before 
trains  from  Brooklyn  after  they  pass  the  summit,  as  well  as  that  which 
may  follow  trains  from  New  York  until  they  reach  the  summit,  the  New 
York  tension  car  is  provided.  Each  of  these  ears  also  act  when  the 
length  of  cable  is  increased  or  lessened  by  changes  in  atmospheric  tem- 
perature. The  tension  cars  are  shown  in  Plates  lY  and  IX;  each  has  a 
cast  iron  frame,  which  rests  on  four  flanged  wheels  and  carries  a  sheave; 
that  in  Brooklyn  being  vertical  and  running  in  two  pillow  blocks,  and 
that  in  New  York  being  inclined  and  running  in  one  long  journal  box. 
The  e.irs  traverse  an  ordinary  railway  ti'ack  of  3  feet  gauge,  on  a 
grade  of  20  per  cent,  in  Brooklyn  and  of  46  per  cent,  in  New  York.  To 
prevent  the  New  York  tension  car  from  being  overturned  by  the  side 
strain  to  which  it  is  subjected,  thei-e  is  a  third  rail,  close  underneath  the 
sheave,  above  and  i)arallel  to  the  main  track,  tra\  ersed  by  a  pair  of  small 
guide  wheels,  attached  to  the  tension  car  frame;  this  rail  and  the  guide 
wheels  are  not  shown  in  the  Plates.  The  cars  are  weighted,  and  to  re- 
lieve that  in  Brooklyn  from  an  undue  load  on  its  wheels,  an  additional 
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weight  was  recently  attached  by  means  of  a  wire  rope  and  two  pulleys, 
so  as  to  oi^pose  directly  the  forward  movement  of  the  car.  The  initial 
stress  on  each  line  of  cable,  running  to  and  from  the  car,  thereby  caused 
is  in  Brooklyn  about  1  800  pounds,  and  in  New  York  about  1  500  pounds. 
At  times  an  excess  of  train  loads  running  down  grade  may  increase  the 
back  haul  on  the  tension  cars  much  above  these  limits.  To  prevent  too 
great  movement  then,  a  barrier  is  kej^t  before  each  car  against  which  it 
will  bring  up;  also  on  the  Brooklyn  tension  car,  as  shown  in  Plate  lY,  a 
weighted  brake  is  hung  over  each  wheel,  so  as  to  yield  I'eadily  when  the 
car  moves  down  grade  and  to  resist  Avhen  the  movement  is  in  the  con- 
trary direction. 

9th. — The  Sheaves. — The  sheaves,  as  first  used,  are  shown  in  Plate 
X.  They  were  cast  in  one  piece  with  hulis  split  into  three  parts;  a  fiat 
wrought  iron  band  was  shrunk  on  each  end  of  the  hub,  which  was  then 
bored,  the  shaft  inserted  and  keyed  fast.  The  rim  including  the  groove, 
was  turned,  and  the  cable  ran  in  contact  with  the  metal  surface.  Some 
of  the  sheaves  were  replaced  by  others  made  as  shown  in  Plate  XI. 
These  were  in  two  parts,  the  rim  and  the  arms;  the  bearing  surfaces 
were  finished  and  the  parts  bolted  together  liy  turned  bolts  driven  into 
reamed  holes;  the  groove  for  the  cable  was  solid,  however,  as  before. 
The  two  sheaves  shown  in  Plates  IX  and  XVII,  as  first  made  were  simi- 
lar to  those  shown  in  Plate  X,  except  that  the  rim  was  in  parts  bolted 
together;  they  enclosed  in  the  groove,  Avhicli  was  dovetailed,  a  packing 
of  seasoned  hickory  blocks,  boiled  in  linseed  oil,  placed  with  fillers 
radial  and  then  turned  out  to  receive  the  cable.  For  these  packed 
sheaves  were  substituted  others  made  as  shown  in  Plate  XII,  differing 
from  that  shown  in  Plate  XI,  in  having  the  rim  divided  as  just  described, 
and  packed  with  leather  and  india  rubber  l)elting,  placed  radially  in  the 
l^roportion  of  ten  thicknesses  of  leather  to  one  of  india  rubber.  As  shown 
in  the  Plates,  the  sheaves  generally  have  a  shaft,  running  at  each  end  in 
a  pillow  block,  and  are  supported  by  cast  iron  frames  bolted  to  the  ma- 
sonry; the  exceptions  are;  the  New  York  tension  car  sheave  as  already 
noted,  and  the  horizontal  sheave  under  the  footway  in  New  York  Station, 
which  runs  loose  on  a  fixed  shaft.  Some  of  these  journals  are  3  and 
others  4  inches  in  diameter;  those  which  run  in  pillow  blocks  are  6 
inches  long.  The  pillow  blocks  are  shown  in  Plates  XIII  and  XI Y; 
those  first  used  were  in  two  parts  and  babbitted;  some  of  these  were  re- 
jjlaced  by  other  pillow  blocks,  having  brass  liearings,  cut  into  four  parts 
and  arranged  to  adjust  for  wear  in  two  directions. 

10th. — The  Pulleys. — The  cable  between  the  rails,  is  sui:)ported  by 
fixed  and  tilting  pulleys,  shown  in  Plates  XV  and  XYI;  in  each  the 
groove  for  the  cable  is  packed  with  leather  and  india  rubber  belting 
placed  radially;  a  larger  part  being  india  rubber.  The  pulleys  are  cast 
in  one  jjiece,  and  in  the  solid  groove  the  packing  is  laid  piece  by  piece 
as  closely  together  as  may  be;  the  smaU  spaces  left  are  filled  and  the 
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outer  grooved  surface  coated  with  coaltar  pitcli,  applied  hot.  Other 
packings,  as  of  hemj},  and  of  India  rubber  in  one  mass  filling  the  groove 
and  vulcanized  in  place,  have  been  tried,  but  were  unsatisfactory.  The 
fixed  i^ulleys  are  on  a  steel  shaft  which  runs  in  two  bearings;  the 
journals  are  1  inch  in  diameter  and  If  inches  long;  the  journal  boxes 
are  in  two  parts,  the  upper  or  cap  being  hinged  to  the  other  and  fastened 
by  a  self  acting  latch,  recently  attached  and  not  shown  in  the  Plate;  the 
bearings  are  of  l)abbitt  metal  and  do  not  fill  theeatire  length  of  the  box; 
the  space  left  forms  a  reservoir  for  oil,  which  is  kept  in  by  a  circular 
fillet  fitted  into  a  groove  around  the  shaft  near  the  inner  end  of  the 
journal.  The  pulley  frames  are  bolted  to  the  cross  ties  of  the  track, 
the  fixed  i)ulleys  being  jilaced  generally  30  feet  ajjart;  their  position  on 
the  suspended  structure  is  shov/n  in  Plate  VII,  and  in  relation  to  the 
cross  ties  and  rails,  it  elsewhere  is  substantially  the  same. 

Generally  the  cable  is  3  inches  above  the  rails;  at  the  two  j^laces  where 
the  grips  are  attached,  it  must  be  raised  from  4^  to  8  inches  higher;  for* 
which  purpose  the  tilting  i^ulleys,  jjut  12  feet  apart  in  New  York  Station 
and  6  feet  apart  near  Brooklyn  Station,  in  number  sufficient  to  serve  the 
longest  train  run,  are  employed.  These  pulleys  run  loose  on  one  end  of  a 
horizontal  pin,  which  is  at  the  free  end  of  a  counter  balanced  lever;  on  the 
other  end  of  this  pin  is  an  idle  flat  faced  wheel,  against  which  the 
inverted  bent  rail,  forming  a  part  of  the  grip  mechanism  now  used, 
shown  in  Plate  XXI,  and  to  be  described,  bears  when  the  grij^  is  to  take 
hold  of  the  cable.  The  lever  is  pivoted  at  the  fixed  end  and  is  placed 
so  that  the  pulley  is  on  the  same  side  as  where  the  cable  runs.  The 
tilting  pulley  shown  in  Plate  XVI  is  as  it  was  first  made;  the  lever  was 
weighted  so  as  normally  to  hold  the  cable  somewhat  higher  than  its 
place  in  the  grip  and  as  the  cars  jiassed  over,  the  lever  was  depressed  by 
the  inverted  rail,  leaving  the  cable  suspended.  Now,  the  shafts  to  which 
the  levers  are  attached  are  extended  to  one  side  of  the  track,  and  by 
cranks  and  a  long  jointed  connecting  rod,  with  a  coiled  spring  intei'- 
IJOsed  at  each  crank,  all  the  jjiilleys  in  one  place  are  united  together,  and 
by  other  cranks  and  rods,  a  workman  detailed  for  the  purpose,  from  one 
l^oint,  elevates  the  pulleys  and  the  part  of  the  cable  which  is  sujjported 
by  them  and  underneath  an  outgoing  train,  iintil  the  grips  take  hold 
and  then  he  allows  the  pulleys  to  fall  back  to  their  lower  position. 
Recently  the  weights  have  been  re^jlaced,  each  by  a  coiled  steel  spring, 
so  attached  to  the  lever  as  to  nearly  balance  it  and  its  parts  during  the 
entire  movement  iip  and  down.*  The  hubs  of  the  tilting  pulleys  are 
made  hollow;  the  enclosed  spai-e  serves  as  an  oil  I'esarvoir  for  lubrication. 

11th. — The  Cars. — When  the  Railway  was  first  operated,  it  had  24 
13assenger  cars;  one  half  being  3(5  feet  4  inches  long,  weighing  8i  tons, 
and  one  half  48  feet  long,  weighing  10  tons  each,  with  doors  at  the  ends 

*  Letters  Patent  of  the  United  States,  upon  this  improvement,  have  been  granted  to  Origen 
C.  Crane,  as  follows: 

383  703— Cable  Supporting  Sheave  for  Cable  Railways  ;  May  29,  1888. 
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only.  Afterwards  the  shorter  cars  were  discarded,  side  doors  were  in- 
troduced, and  from  time  to  time  as  required,  other  cars,  stronger  and 
heavier,  were  procured,  until  now  there  are  44  in  use.  These  are  all  es- 
sentially alike;  one  of  the  last  purchase,  partly  shown  in  Plate  XXH^, 
may  rejsresent  the  whole:  it  is  48  feet  10  inches  long  between  draw  bar 
or  coupler  pins,  and  39  feet  6  inches  from  end  to  end  of  body,  9  feet  7 
inches  wide  out  to  out,  and  13  feet  inches  8  high  from  the  track  to  up- 
permost point;  with  a  4  wlie3led  truck  at  each  end,  32  feet  5  inches  apart 
from  center  to  center  of  truck  pins,  and  axles  5  feet  ap  art.  The  wheels  are 
of  jjaper,  steel  tired;  they  are  30  inches  in  diameter,  with  treads  4  inches 
wide.  Th^  unloaded  cav  weighs  16f  tons.  It  has  double  sliding  doors 
at  each  end  with  openings  3  feet  5  inches  wide,  and  single  slidiugs  doors, 
one  in  the  middle  of  each  side,  with  2  feet  8  inches  opening.  There  are 
40  barred  seats  placed  in  line  along  each  side,  and  an  aisle  4  feet  8  inches 
wide  between  the  seats;  with  the  seats,  aisle  and  platforms  fully  occupied, 
150  persons  have  been  carried.  The  car  is  lighted  by  eight  argand  lamjjs, 
arranged  in  three  clusters  and  burning  mineral  oil.  In  cold  weather,  the 
car  is  heated  by  one  hot  water  heater,  with  two  lines  of  wrought  iron  pij^es 
li  inches  in  diameter  under  each  line  of  seats. 

12th.— The  Geip  fikst  used.* — As  employed  on  the  Eailway,  the 
grip  consists  essentially  of  the  sheaves  which  g^asp  the  cable,  the  brakes 
which  prevent  the  sheaves  from  revolving,  the  levers  by  Avhicli  the 
pressure  is  applied  and  the  fi'ame  which  holds  the  moving  j^arts.  The 
grip  first  used,  shown  in  Plat?  XX,  is  described  as  follows:  There  are 
four  sheaves  placed  in  pairs,  so  that  the  cable  is  gripped  between  each 
piir;  each  sheave  runs  loosely  on  a  short,  fixed  pin  and  has  a  heavy 
grooved  rim  with  cylindrical  inner  surface,  against  which  the  brake 
presses;  this  rim  is  in  two  parts  bolted  together  and  holds  in  a  dove- 
tailed groove  a  packing  of  leather  and  india  rubber  belting  in  alternate 
pieces  placed  radially;  the  packing  projects  well  out  from  the  rim  and 
is  grooved  to  receive  the  cabl?.  There  are  also  four  brakes,  one  for 
each  sheave,  of  hard  wood  and  with  a  curved  outer  face  fitted  to  the- 
inside  of  the  rim  of  the  sheave;  each  brake  is  held  by  a  lever  and  the 
four  levers  are  connected  to  the  two  operating  levers,  which  are  so- 
pivoted  that  their  short  arms  form  a  toggle.  The  frame  is  made  up  of 
flat  wrought  iron  bars,  bolted  together  and  also  hinged,  so  as  to  j^ermit 

*  In  a  "  Communication  from  the  Chief  Engineer  in  Regard  to  the  Method  of  Steam 
Transit  over  the  East  River  Bridge,  made  to  the  Board  of  Trustees,  March  4,  1878,"  is  tho 
following:  "  For  the  circulating  system,  the  engine  is  run  continuously  in  one  direction;  th& 
rope  is  spliced  endless,  and  the  tracks  at  the  termini  are  connected  by  a  short  switch,  the 
empty  cars  being  transferred  from  one  traclv  to  the  other  by  a  horse  or  steam  power.  For 
securing  the  car  to  the  riinning  rope,  many  patent  contrivances  exist,  but  as  there  are  no- 
stoppages  on  the  way,  the  simplest  method  will  be — a  short  piece  of  manilla  rope,  one  end  of 
which  is  fastened  to  the  car,  then  taking  a  half  hitch  around  the  wire  rope,  the  driver  holds, 
one  end  with  one  hand  and  the  brake  with  the  other,  and  thus  has  full  control  over  the 
car.  This  was  in  use  many  years  ago  on  the  old  Portage  Rvilway  over  the  Alleghany  mount- 
ains, but  for  a  high  rate  ol  speed  its  application  might  be  somewhat  doubtful." 
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the  necessary  movements  of  the  sheaves  and  brakes.  Adjustmeuts  to 
take  up  wear  and  restore  the  proper  relative  ijositions  of  the  operating 
l^arts  are  made  by  hand  screws  placed  in  the  connections  of  the  frame. 
The  long  arms  of  the  oj^erating  levers  are  moved  towards  each  other  or 
apart,  to  close  or  open  the  grip,  by  means  of  a  small  endless  cable,  one  line 
being  attached  to  the  end  of  each  lever;  this  cable  is  underneath  the  car, 
and  at  each  platform  a  sprocket  chain  forming  a  part  of  the  cable  is 
wound  around  a  sprocket  wheel,  which  is  on  the  lower  end  of  the  brake 
shaft.  The  arrangement  of  operating  level's,  cables  and  winding  gear  is 
shown  in  Plates  XXII  and  XXIV.  It  will  be  seen,  that  in  operating 
the  grip,  as  it  is  closed  the  sheaves  are  brought  into  contact  with  the 
cable  and  revolve  at  cable  speed;  the  car  being  at  rest,  the  brakes  force 
the  sheaves  together  with  increasing  pressure,  which,  transmitted  to  the 
sheaves  from  the  brakes,  develops  a  frictional  resistance  tending  to 
l^revent  the  sheaves  from  revolving,  and  this  continues  until  such  resist- 
ance in  the  four  sheaves  exceeds  the  tractive  resistance  of  the  car,  Avhen 
the  sheaves  cease  to  revolve  and  the  car  moves  at  cable  speed.  The 
grip  is  bolted  underneath  the  car  floor,  as  shown  in  Plate  XXIV,  about 
midway  between  the  trucks,  with  the  plane  of  the  sheaves  inclined  22 
degrees  from  the  horizontal,  and  one  side  of  the  frame  is  fixed  by 
adjustable  stay  rods,  reaching  down  from  the  car  bottom.  A  trip  gear 
was  provided,  shown  in  Plate  XX,  for  releasing  the  cable  without 
moving  the  operating  levers;  it  was  worked  either  by  hand  or  by  a  third 
lever,  which  came  into  contact  with  a  stop  fixed  along  side  of  the  track, 
at  a  point  where  the  cable  should  be  dropped. 

13th. — The  Grip  now  used. — For  the  grip  above  described,  was 
substituted  the  one  now  employed,  shown  in  Plate  XXI,  and  differing 
from  the  first,  in  haviog  comparatively  long  shafts  for  the  sheaves,  a 
strong  rigid  frame  for  the  operating  parts,  and  a  self  adjusting  device 
whereby  the  relative  position  of  the  pieces  subject  to  wear,  is  automat- 
ically preserved;  a  packed  vise  grip  and  means  for  grasping  the  cable  at 
the  tilting  pulleys,  while  the  car  is  in  motion  or  at  rest,  were  added,  and 
the  trip  gear  was  omitted.  The  sheaves  are  each  keyed  to  one  end  of  a 
steel  shaft  which  runs  in  two  closed  bearings,  so  arranged  that  wlicn  a 
sheave  is  to  be  taken  out  for  repair  or  other  purpose,  it  and  its  shaft 
may  be  quickly  removed  and  replaced  by  another,  if  need  be,  in  work- 
ing condition.  The  main  frame  is  in  two  parts,  each  hinged  in  a  com- 
mon line  ijarallel  to  the  cable,  close  under  the  car  floor,  one  part  hanging 
on  each  side  of  the  cable.  The  sheaves,  each  are  carried  by  a  small 
frame,  hinged  from  its  jiart  of  the  mam  frame,  in  a  line  jDarallel  to  the 
sheave's  shaft;  this  small  frame  has  a  limited  movement,  opposed  by  a 
coiled  siiriug,  which  tends  to  force  the  sheave  away  from  its  brake;  each 
of  the  four  brakes  is  held  by  a  projecting  end  of  the  main  frame;  the 
vise  grip  is  in  two  i)arts,  each  being  on  the  inner  face  of  the  lower  bar 
of  a  part  of  the  main  frame;  it  is  packed  in  the  same  manner  as  are  the 
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slieaves.  The  uppermost  2)art  of  the  main  frame,  that  from  which  the 
operating  levers  project,  is  fixed  in  position  by  adjustable  stay  rods;  the 
movable  part  is  connected  to  the  levers  by  a  coarse  threaded  screw, 
which  is  turned  by  a  rachet  wheel  and  pawl.  It  w-ill  be  obser^■ed,  that 
as  the  grip  is  used,  the  packed  grooves  in  the  sheaves  are  slowly  com- 
pressed and  worn,  thereby  permitting  when  the  griiJ  is  closed,  the 
sheaves  to  come  more  nearly  together,  and  the  short  arms  of  the  operat- 
ing levers  to  ajiproach  more  closely  to  a  straight  line;  and  as  this  con- 
tinues the  pressure  on  the  packed  surfaces  increases  rapidly.  Such 
action  is  prevented,  when  as  the  grip  is  closed,  a  certain  position  of  the 
levers  in  approaching  each  other  is  passed,  by  the  pawl  engaging  with  a 
tooth  of  the  ratchet  wheel,  then  as  the  levers  are  separated,  the  screw 
is  turned  slightly,  which  brings  the  sheave  surfaces  and  the  levers  to 
their  former  and  normal  relative  jjositions.  The  frames  are  of  cast 
steel,  with  fixed  joints,  and  stiffened  where  the  greatest  stresses  are 
resisted.  The  vise  grip  which  grasps  the  calile  only  as  the  frames  and 
the  sheave  packings  yield,  is  intended  to  take  full  hold  after  the  sheaves 
cease  to  revolve  and  the  car  is  moving  at  cable  speed  ;  the  trains  start 
from  the  Stations  on  a  descending  grade,  and  this  increase  in  the  tractive 
power  of  the  grip  was  thought  to  be  needed  when  they  reach  the  as- 
cending grade.  Suspended  from  the  fixed  part  of  the  frame,  is  the  bent 
inverted  rail,  also  of  cast  steel,  which  comes  into  contact  with  the  flat- 
faced  idle  pulleys  on  the  tilting  pulley  frames  ;  to  i^revent  the  cable 
from  being  lifted  above  the  grip  sheaves  when  these  pulleys  are 
elevated,  a  small  stop  pulley  is  put  near  each  end  of  this  rail;  these 
pulleys  are  made  up  of  flat  rings  of  leather  and  India  rubber,  forced  on 
to  a  cast  iron  spool,  which  runs  loosely  on  a  fixed  pin. 

The  packings  for  the  grij)  are  ciit  in  a  punching  machine  driven  by 
power,  from  the  material  in  sheets,  with  a  sharp  die,  shaped  to  fit  the 
contour  of  the  piece;  the  pieces  are  put  together  under  pressure,  and 
well  tacked  with  Avire  nails,  as  piece  after  piece  is  laid  on;  the  packings 
so  formed  are  kept  in  stock,  and  when  used  they  are  forced  into  place. 
For  the  sheaves,  the  packing  is  made  up  in  two  equal  sections,  and  when 
in  the  sheaves  the  material  has  been  compressed  about  2^  inches  in  a 
circumference  of  15  inches  mean  diameter,  so  that  as  the  leather  tends 
to  swell  from  moisture  absorbed  in  wet  weather  and  shrink  as  this 
evaporates,  the  elasticity  of  the  India  rubber  keeps  the  packing  intact 
and  the  pieces  closely  in  contact.  As  the  grooves  wear  deeper,  the 
projecting  parts  are  turned  off"  so  as  not  to  interfere  with  the  closing  of 
the  grip,  and  if  necessary  the  groove  is  also  trued;  thus  a  large  part  of 
the  material  is  finally  used  before  the  packing  is  thrown  aside  and  a  new 
one  put  in  the  sheave. 

14th. — -The  Brakes. — By  the  usual  arrangement  of  levers  and 
rods,  shown  in  Plate  XXIV,  a  brake  is  applied  to  each  car  wheel;  the 
whole  being  ojserated  by  hand  or  a  i^artial  vacuum.     A  hand  wheel  and 
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sliat't  on  each  platform,  by  means  of  a  lever  and  chttcli  (sae  Plate  XXII) 
are  connected  with  either  the  grip  or  brake  gear;  the  sjirocket  wheel 
which  opens  and  closes  the  grip,  and  the  cylinder  which  winds  the 
brake  chain,  each  being  loose  o;i  the  hand  wheel  shaft;  the  one  or  the 
other  being  fixed  for  the  tim:",  as  this  shaft  is  elevated  or  depressed  by 
the  lever.  For  the  vacuum  apparatus,  there  is  a  diaphragm  chamber  on 
each  truck  and  a  reservoir  underneath  and  attached  to  the  car  body.  A 
chain  connects  each  diaphragm  with  a  brake  lever  on  the  truck  and 
pipes  connect  the  two  diaphragm  chambers  with  the  reservoir;  these 
pipes  ran  to  each  end  of  the  car,  where  by  means  of  a  three  way  cock 
under  the  platform  a'ld  a  small  hand  lever,  j^ressure  is  applied  to  the 
brakes  or  released.  At  first  the  reservoir  was  exhausted  by  connecting 
it  with  a  vacuum  ejector  on  a  locomotive;  this  was  done  while  the  car 
in  its  trips,  was  stopping  at  Brooklyn  Station  ;  afterwards  a  pump,, 
shown  in  Plate  XXV,  was  put  on,  and  each  car  maintains  the  requisite 
tension  in  its  reservoir.  The  pump  is  attached  to  the  underside  of 
one  truck  and  is  di-iven  from  a  car  axle  by  an  eccentric;  it  is  single 
acting  and  has  a  trunk  piston;  the  cylinder  is  5  inches  in  diameter 
and  the  stroke  5|  inches  long.  By  this  pump,  in  running  the  car  less 
than  1  000  feet  after  the  brakes  have  been  api^lied,  the  tension  in  the 
reservoir  is  restored,  and  a  working  vacuum  of  from  12^  to  IS'i 
pounds  readily  maintained,  sufficient  for  all  demands.  Ordinarily  the 
tension  in  the  reservoir  is  reduced  by  applying  the  brakes,  from  2^  to  S 
pounds. 

Before  this  attachment  was  put  on,  the  vacuum  was  reserved  for 
emergencies,  and  only  applied  then,  whenever  the  hand  brakes  failed,, 
or  occasionally  to  determine  that  the  parts  were  in  working  order;  now 
the  vacuum  is  generally  used  in  operating  the  brakes.  It  will  be 
noticed  the  mechanism  described  is  not  in  duplicate;  the  brakes,  levers, 
rods  and  their  connecting  parts  being  common  to  the  two  brake  sys- 
tems; that  each  car  has  its  own  apparatus  which  is  operated  indepen- 
dently of  that  on  other  cars  in  a  train;  and  that  the  brakes  cannot  be  ap- 
plied until  the  grip  is  released. 

15th. — The  LocoMOTrvES.  — To  haul  the  trains  to  and  from  the  storage 
platform  or  from  one  main  track  to  the  other  at  the  Stations,  over 
the  Railway  during  the  day  whenever  the  cable  from  any  caxise  is  not 
running,  and  late  at  night  when  the  traffic  is  lightest  and  the  cable  is 
stopi^ed,  four-wheel  tank  switching  locomotives  are  used  ;  that  is,  they 
are  without  tenders;  the  entire  weight,  including  that  of  the  coal  and 
Avater  carried,  being  on  the  four  driving  wheels.  At  first  there  were 
two,  each  weighing,  when  loaded,  9  tons,  with  steam  cylinders  9  inches 
in  diameter  and  14  inches  stroke,  driving  wheels  36  inches  in  diameter, 
and  wheel  base  5  feet  9  inches  long;  and  two  others,  weighing,  when 
loaded,  13  and  14  tons,  with  steam  cylinders  and  driving  wheels  as  be- 
fore mentioned,  and  wheel  base  6  feet  long.     As  the  traffic  increased 
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and  longer  trains  were  run,  these  were  replaced  by  heavier  locomotives. 
Now  there  are  employed  three,  each  weighing  when  loaded,  2U  tons, 
with  steam  cylinders  11  inches  in  diameter  and  16  inches  stroke,  driving 
wheels  38  inches  in  diameter  and  wheel  base  6  feet  long;  and  two  others, 
weighing  when  loaded,  22  and  23  tons,  with  steam  cylinders  12  inches  in 
diameter  and  16  inches  stroke,  the  driving  wheels  and  wheel  base  being 
as  last  mentioned.  Four  of  these  locomotives  are  in  constant  use;  when 
necessary  one  will  haul  a  train  of  two  loaded  cars,  at  cable  speed,  over 
the  railway.  The  locomotives  and  cars  are  all  fitted  with  the  automatic 
car  coupler,  shown  with  the  link,  in  Plate  XXIII.  The  sidings  and 
connecting  lines  are  laid  with  Lorenz  or  point  switches;  generally  at 
each  Station,  they  are  oj^erated  from  one  place  or  switch  house. 

16th. — The  Auxiliaky  Cable  Plant. — To  switch  trains  in  New 
York  Station  from  one  main  track  to  the  other,  a  pair  of  continuous 
cables  |  inches  in  diameter  were  used  for  several  months  after  the  open- 
ing of  the  Railway,  one  cable  along  each  of  the  two  switches.  The  haul- 
ing lines  of  these  cables,  between  the  tracks,  were  placed  8  inches  apart; 
that  is,  4  inches  on  one  or  the  other  side  of  the  centre  line  of  track. 
The  driving  plant  is  shown  in  Plate  XVII  ;  the  arrangement  of  the 
cables  and  their  pulleys,  and  the  position  of  the  switches  are  shown  in 
Plate  VIII.  Each  cable  was  driven  by  a  pair  of  winding  drums  4  feet 
in  diameter,  which  were  loose  on  the  shafts  of  the  two  sheaves  under 
the  northerly  main  track;  a  pair  of  drums  on  each  side  of  the  sheaves. 
The  main  cable  so  passed  around  these  sheaves,  that  they  revolved  in  op- 
I)osite  directions;  the  drums  were  driven  by  means  of  friction  clutches, 
which  were  engaged  or  disengaged  by  a  system  of  levers  and  rods,  termi- 
nating at  a  point  where  an  attendant  could  operate  it;  one  drum  being 
clutched  to  its  sheaves,  would  haul  the  cable  in  one  direction  and  the 
other  drum  of  the  pair  being  clutched  to  its  sheave  would  haul  the  cable 
in  the  contrary  direction;  but  one  drum  driving  at  a  time  and  the  other 
of  the  pair  running  loosely,  the  two  clutches  being  operated  by  one 
lever.  The  friction  clutch  used  consisted  of  a  steel  hoop  attached  to  the 
driving  shaft,  4  inches  wide,  li  inches  thick  and  42^  inches  in  diameter; 
this  was  cut  apart  at  one  place,  and  between  the  ends  thus  formed  a 
wedge  was  forced  outward  by  means  of  a  toggle,  so  that  the  hoop  was 
expanded  into  close  contact  with  the  inside  projecting  cylindrical 
surface  of  the  drum  cylinder.  The  auxiliary  cables  ran  at  a  speed  of  4 
miles  per  hour;  to  each  a  small  grip  car  was  jjermanently  attached  by 
a  vise  grij);  each  car  ran  to  and  fro  on  its  own  line  of  track  as  the 
drums  were  operated,  and  the  trains  to  be  switched  were  hauled  by  these 
cars.  For  the  auxiliary  cable  jjlant  thus  described  was  substituted  that 
shown  in  Plates  XVIII  and  XIX,  differing  from  the  first  in  having  the 
drums  entirely  detached  from  the  sheaves,  except  when  the  clutches 
were  engaged;  providing  a  shaft  for  each  drum,  with  large  bearings  and 
adjustable  pillow  blocks;  and  a  frame  which  allowed   renewal  of  the 
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several  parts,  piece  by  piece,  without  interfprinj;'  with  the  use  of  the 
Temainin<>-  plant;  also  other  moditiciitions  for  eonvenieuce  and  utility. 
So  far,  this  plant  has  not  been  put  in  operation. 

II.— TRAFFIC   AND    OPERATION. 

17th. — Train  Service. — The  number  of  trains  run  daily  and  of  cai's 
in  each  train,  has  steadily  increased  since  the  Railway  was  first  operated; 
the  traffic  offered  however,  fluctuates  greatly;  being  affected  by  the  oc- 
casion and  the  weather,  as  well  as  the  time  of  day,  the  day  of  the  week  and 
the  season.  The  first  train — of  one  car — ran  over  the  Railway,  August 
8,  1883  ;  the  following  day  five  trips  were  made,  and  passengers  were 
first  taken  Sejatember  24.  Two-car  trains  were  run  October  28,  1883, 
and  three-car  trains  September  15,  1885.  Trains  were  first  run  during 
the  busy  hours  morning  and  evening,  on  Ij  minutes  headway,  Mai'ch 
5,  1885,  and  on  H  minutes  headway,  March  2,  1886.  Experimentally, 
3  three-car  and  10  two-car  trains  were  run  on  H  minutes  headway,  1^ 
hours  in  the  morning  and  2  hours  in  the  evening,  September  27,  1886. 
Usually  however,  the  minimum  headway  during  the  day's  run  is  Ij 
minutes.  Table  I,  compiled  from  the  train  dispatcher's  daily  record, 
giving  the  number,  order  and  headway  of  trains  s^nt  out  from  Brooklyn 
Station  during  the  days  mentioned,  exhibits  fairly  the  j^ast  and  present 
oi^eration  of  the  Railway;  it  being  noticed  that  the  same  trains  were  also 
sent  out  and  in  the  same  order  from  New  York  Station. 

Interruptions  and  delays  in  handling  the  traffic  on  a  railway  like  this, 
must  necessarily  from  time  to  time  occur;  a  summary  of  the  causes  and 
extent  of  such  during  the  four  years  and  five  months  ending  April  30, 
1888,  or  nearly  the  whole  term  the  railway  has  been  operated,  is  given 
in  Tables  II  and  III;  the  times  therein  recorded  being  those  during 
which  travel  was  entirely  stopped;  usually  when  the  delay  is  likely  to 
be  unduly  jDrolonged,  trains  are  run  in  the  intervals  by  locomotives. 
By  these  Tables,  it  ajipears  that  of  the  total  time  lost  by  delays  in  the 
terms  referred  to,  that  due  to  the  cable  system  decreased  from  about  77 
per  cent,  for  the  five  months  ending  April  30,  1884  to  aliout  24  per  cent, 
for  the  year  ending  April  30,  1888;  and  for  the  whole  time  covered  by 
the  Tables,  it  was  about  44  per  cent.  In  Table  III  it  is  intended  to  show 
at  a  glance,  how  inconsiderable  the  average  loss  from  delays  at  any 
time  has  been  to  the  single  jiassenger;  it  will  be  seen  that  this  loss  has 
steadily  decreased  since  the  Railway  was  first  opened  to  traffic. 

The  Railway  has  been  oi^erated  with  great  safety  to  passengers  and 
trainmen  ;  the  only  accident  which  caused  serious  injury  to  either, 
occurred  on  a  wet  and  sleety  morning,  December  5,  1885.  A  train 
from  Brooklyn  to  New  York  droi)ped  the  cable  at  the  Brooklyn  pier; 
the  following  train  ran  to  within  100  feet  of  it  and  stopped,  the  brakes 
Avere  released  and  the  train  was  permitted  to  run  back  on  the  down  grade 
■with  too  great  speed;  it  collided  with  a  third  train,  breaking  platforms  and 
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TABLE   I. — NUMBER   AND   HEADWAY   OF   TRAINS. 


Tuesday,  April  29.  188 1. 

From  5  a.m.  to  12  50  .\.m. 

19  hours,  50  miuutes. 


S  o ' 


Headway. 

1 
Min.   sec.  j 

5  —  0 

4  —  0 

3  —  0 

2  —30 

2  —  0 

2  —30 

3  —  0 

4-0 

5—0 

4-0 

3-0 

2  -30 

3-0 

4-0 

5-0 

s  c 


Tuesday, 

From  )2 

21 


April  27.  1886. 

A.M.  to  12  A  M. 

hours. 


329  trains,  537  cars. 


1.1 
is 

1      «■ 

IK 

Headway. 

Min.    sec. 

12 

1 

4-0 

17 

■• 

15-0 

16 

" 

4-0 

9 

2 

3-0 

91 

" 

1  1  -30 

46 

3 

) 

24 

" 

\  2  —30 

18 

2 

) 

90 

" 

3-0 

73 

■• 

\  1  —30 

37 

3 

) 

20 

2 

3-0 

53 

" 

4-0 

6 

1 

O  a 


Cable. 
Loco. 

Cable. 


515  trains,  1  092  cars. 


Tuesday,  May  1,  1888. 

From  12  A.M.  to  12  A.M. 

21  hours. 


3g 

o 

5 

c3 

»=« 

a 

o 

25 

n 

Min.    sec. 

12 

2 

4-0 

9 

" 

15  —  0 

8 

1 

10 

2 

4-0 

9 

3 

3  —  0 

140 

1  —30 

138 

3-0 

72 

1  —30 

18 

3  —  0 

10 

4  —  0 

55 

2 

Cable. 

Loco. 

Cable. 


487  trains,  1  353  cars. 


ends  from  one  car,  one  platform  and  end  from  another  car,  and  other  jjlat- 
forms  more  or  les.s.  The  cars  were  crowded,  passeogers  being  on  all  but 
the  front  platforms  of  the  trains,  and  tM'O  persons  were  seriously  injured, 
one  being  a  brakeman.  The  cars  hatl  to  be  separated  by  force  before  one 
of  the  injured  was  released;  he,  a  passenger,  having  a  foot  crushed  by 
being  caught  between  two  platforms,  sliding  one  over  the  other.  The 
accident  was  due  to  the  brakemen  on  the  middle  train  (one  of  whom  was 
so  badly  hurt)  becoming  confused  and  not  applying  the  brakes,  in  time. 
Collisions  sometimes  happen,  of  which  this  is  a  rare  instance.  About 
6-30  o'clock  p.  M.  February  12,  188G,  just  after  an  incoming  tram  at 
Brooklyn  Station  was  moved  from  the  platform,  the  locomotive  hauling 
it,  jumped  the  switch.  The  following  train,  crowded  with  passengers, 
ran  into  the  first  with  considerable  shock,  but  without  greater  injury  to 
the  passengers,  than  a  few  bruises;  the  third  train  was  brought  uji  in 
time.     This  accident  was  due  to  the  enforced  stoppage  of  the  first  train. 
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18th. — PassengebsCaeeied.— The  number  of  passengers  carried  each 
<?alenclar  mouth,  from  the  openiug  of  the  Railway,  to  and  including 
April,  1888,  is  given  in  Table  IV;  it  may  be  stated  that  the  fare  was  five 
cents  until  March  1,  1885,  when  it  was  reduced  to  three  cents,  or  to 
ten  tickets  for  twenty -five  cents.  By  this  Table,  it  appears  that  the 
number  has  increased  in  the  four  years  ending  with  September,  over  244 
percent.,  and  ending  with  February,  over  211  per  cent.  An  interesting 
local  inquiry  is  how  long  and  at  what  rate,  will  this  traffic  continue 
to  increase.  So  far  as  a  reference  to  the  j^ast  traffic  will  aid  in  con- 
sidering a  reply,  the  number  of  passengeis  carried  in  each  period  of 
twenty-eight  days,  or  lunar  month,  as  exhibited  by  the  diagram  on 
page  82,  will  serve  better  than  the  data  given  in  Table  IV. 

During  the  day  of  24  hours,  the  traffic  over  the  Railway  ebbs  and 
flows  in  an  irregular  and  greatly  varient  tide;  this  appears  from  the 
number  of  ears  in  the  trains  run  and  the  headways;  the  loads  on  the 
trains  are  heavier  in  the  morning  on  those  from  Brooklyn,  and  in  the 
afternoon  on  those  from  New  York;  for  a  part  of  each  time,  the  cars 
moving  one  way  will  be  densely  crowded,  and  those  moving  the  other 
way  will  be  perhaps  not  one-fourth  full;  during  other  intervals,  the 
travel  in  the  two  directions  niay  be  nearly  equal.  The  number  of 
passengers  carried  each  day  of  24  hours  is  regularly  taken  and  re- 
corded; at  certain  times,  the  number  during  specific  hours  has  been 
counted,  and  from  the  data  thus  obtained  Tables  V  and  VI  were  col- 
lated, showing  the  fluctuation  and  relative  proportions  of  daily  travel  at 
different  periods.  The  mean  per  cents,  given  in  Table  V,  correspond 
^[uite  closely  to  similar  per  cents,  for  the  several  days  mentioned. 
From  the  Table,  it  will  be  seen  that  about  82  per  cent,  of  the  total  traffic 
is  carried  in  the  12  hours  from  7  o'clock  a.m.  to  7  o'clock  p.m.,  and  about 
22  per  cent,  in  one-sixth  of  this  time,  the  maximum  morning  and  evening 
hour.  The  number  of  passengers  each  way,  carried  each  hour  of 
two  days,  about  18  months  apart,  is  given  in  Table  VI,  and  is  for 
the  even  hour  as  noted  in  the  first  column;  the  maximum  number  is 
10  068  passengers  carried  from  Brooklyn  to  New  York,  between  7  and  8 
o'clock  A.M.,  November  29,  1887.  During  the  morning  and  evening 
rush,  when  the  travel  for  a  short  time  is  greatly  concentrated,  this  may 
be  exceeded;  thus  in  the  sixty  minutes  between  5-30  and  6-30  o'clock 
P.M.,  Monday,  November  18,  1887,  12  160  jjassengers  from  Ncav  York 
to  Brooklyn  were  carried.* 

*  As  the  stations  and  train  platforms  are  now  arranged,  passengers  may  crowd  upon  the 
latter,  until  the  available  apace  near  to  the  outgoing  train  is  closely  occupied;  and  conse- 
quently during  the  rush  hours  a  few  trains  may  be  overloaded.  At  the  time  above  men- 
tioned, trains  of  three  cars  each  on  1]  minutes  headway  or  IQO  oars  per  hour  were  running: 
whence  if  the  movement  of  passciigers  to  the  trains  were  regulated  and  only  so  many  as 
could  be  coinloi  tably  carried,  admitted  at  one  time  to  the  platform,  each  car  would  have 
had  but  about  lOU  passengers,  there  need  not  have  been  any  crowding,  and  no  one  would 
Jiavo  been  delayed  over  one  hecdway. 
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TABLE   11. — CAUSES   AND   EXTENT   OF   DELAYS. 


Term. 


Causes  of  Delays. 

Auxiliary  cable  car  failed 

■'      drum  stuck 

Cable  dropped  at  tilting  pulleys 

'•       elsewhere 

frozen  fast 

not  caught  by  grip 

slipped  on  driving  drum 

thrown  from  tilting  pulleys 

Driving  engine  overloaded 

stopped  by  hot  bearing 

"        from  other  causes 

Grip  frame  or  gear,  failed 

out  of  place 

sheaves  worn 

not  closed 

"  released 

slipped,  cause  not  stated 

Total,  caused  by  grips 

Tension  car  derailed  or  out  of  order  

Total,  caused  by  entire  cable  system 

Accident  to  passenger 

Block  signal,  out  of  order 

Brake  gear  failed 

"    frozen  fast 

vacuum  leaked 

Brakes  not  released 

Car  axle  broken 

wheel  flattened '.',.'.'. 

Collision,  switch  misplaced 

from  other  causes 

Derailment,  from  snow  and  ice 

"     switch  misplaced 

"        "       not  adjusted 

cause  not  stated 

Drawbar  broken 

caught  on  truck 

pulled  out '.'.'.'.. 

Locomotive,  out  of  order  or  steam 

Train  too  long  or  ran  too  far 

ran  into  bumper 

stalled  on  crossing 

uncoupled .*..!.'.".'.'*.'.' 

Total  from  causes  independent  of  cable  system 

Total  from  all  causes 

Total  preventable  at  the  time 


5  months  ending 
April  30, 1884. 


No.    Time  lost. 


H.  M. 

0—56 


1—52 
0—  i 


0—59 
0—  5 


0—  5 

0— ii 


0—36 


1—24 


0—40 


Year  ending 
April  30,  1885. 


No.    (Time  lost 


H.  M. 

0—35 


0-  2 
0—  6 


0—  8 
0—  5 
0—58 


1—57 
0-43 


Year  ending 
April  30,  1886. 


No.    Time  lost. 


1—31 
0—44 
0-10 
2—38 
0—  5 
0—37 


6—45 


0—  6 

0—  8 


1—40 
0—21 
5—  9 


0—  4 
0—  5 


41 
122 


Year  ending 
April  30, 1887. 


No.    Time  lost, 


0—  3 
6—24 
'6—30 


0—12 
0—  3 


0-  6 
0-13 


Year  ending 
April  30,  1888. 


No.    Time  lost. 


0—20 
0-  9 
0—25 
0—  4 


0—59 
2—53 


0—47 
'6— i2 
0—47 
0—  4 


0—19 


1—27 
0—  7 
0—10 

0—  3 
0—14 


0—15 


0—  2 
0—  3 

1—25 
0^6 
2—  7 


0—28 
0—  3 


0—  4 
0—  3 
0—14 
0—  6 


5—54 
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TABLE   III. — NUMBER     OF     PASSENGEKS     WHO     FROM   DELAYS,     COLLECTn'ELY 
LOST   ONE   SECOND,    DURING   THE  TERM   MENTIONED. 


M    . 

o 

a: 

§g" 

—  a   - 

■"  a    . 

tH    =        . 

5s  a    . 

Teem. 

5^'= 

Sigg 

22  = 

3^§ 

s^g 

ll^ 

a£? 

'^  a  ^ 

f^  a  .-^ 

><  a^ 

>"  a^ 

35- 

^§S. 

Pf 

a^ 

A 

^ 

< 

< 

< 

< 

29  021  571 

-I-  g  < 

Passengers  carried 

3  475  420 

10  503  237 

21  300  8GG 

2G  030  464 

90  3.17  553 

Delays  j 

Due  to  the  grip ' 

entire    cable 

system 

"         remaining  railway 

service 

"         entire     railway 
service ! 

Preventable  at  the  time 


Number  of  passpngers. 


825 
144 
401 
112 
1031 


1  733 
C53 

1  030 
400 
867 


1029 
925 
659 
385 
994 


12  763 

3  444 
1036 

796 

4  056 


28  451 

2  658 

1366 

902 

4  281 


2  75J 

1208 

962 

536 

1838 


TABLE   rV". — PASSENGEKS   CARRIED   EACH   MONTH. 


1881-85. 


1885-86. 


1886-87. 


October. . . . 
November.. 
December  . 
January.... 
February... 

March 

April 

May 

June 

July 

August 

September , 


Total  for    year   ending  with 
September 


477  700 
561  520 
600  440 
663  840 
723  740 
735  180 
752  220 
766  420 
693  260 
624  900 
645  760 
710  220 


816  220 

797  640 

898  8t0 

889  420 

904  650 

1  353  557 

1  402  390 

1  535  080 

1  541  277 

1  461  375 

1  619  832 

1  744  089 


14  964  330 


1  958  495 
1  868  088 
1  873  316 
1  828  517 

1  778  584 

2  084  715 
2  007  498 
2  080  634 
1  991  979 
1  846  829 

1  893  304 

2  056  473 


23  268  432 


2  317  392 
2  270  026 
2  322  373 
2  321  896 
2  123  129 
2  433  069 
2  379  360 
2  432  978 
2  253  172 
2  005  719 
2  161  083 
2  357  733 


27  377  930 


2  635  617 
2  514  184 
2  020  609 
2  521  786 
2  436  694 
2  488  892 
2  593  104 


Total  for  year  ending  with  Feb- 
ruary   


19  964  600 


25  316  248 


28  752  004 
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1884,  Dec. 

1 

" 

28 

1885,  Jan. 

25 

February 

22 

March 

22 

April 

19 

May 

17 

June 

14 

July 

12 

August 

9 

September  G 

October 

4 

November 

1 

" 

29 

December  27 

188G,  Jan. 

24 

rebniary 

21 

March 

21 

April 

18 

May 

IG 

June 

13 

July 

11 

August 

8 

September  5 

October 

a 

" 

31 

November  28 

December  26 

1887,  Jau. 

23 

February 

20 

March 

20 

April 

17 

May 

15 

June 

12 

July 

10 

August 

7 

September  i 

October 

2 

" 

30 

November  27 

December  25 

1888,  Jan. 

i2 

February 

19 

Marcli 

18 

April 

15 
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\ 

\-^^ 

^--v^ 

N 

> 

t 

7"^ 

~t 

\^ 

^\ 

^ 

> 

/ 
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^ 

\ 

J 

y 

<( 
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jZ 

r 
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TABLE  V. — PASSENGERS  CARRIED  CERTAIN  DATS  AND  PARTS  OF  DAYS. 


From  New  York. 

From  Brooklyn. 

u     • 
0  u 

Train  service. 

Day. 

a 

ai 

3  O 

1° 

ll 

0 
a 

a 

as 

3  0 

ca  a 

la 

S 
E.  1=1 

n 

s 
0 

Si 

0 

Si 

"^  a 
H 

■a    . 
""  a 

.a  ^ 
0  -^ 

a 

18S3.  Oct.  18.. 

1  420 

5  950 

1270 

7  220 

1560 

7  840 

1440 

9  280 

16  500 

6   A.M. -12   P.M. 

18 

1884.  Feb.  27. 

2  174 

7  070 

2  090 

9  160 

3  073 

1780 

2  060 

13  840 

23  000 

6    A.M.-   1    A.M. 

19 

Mar.  25. 

2  325 

8  990 

2  290 

11280 

2  765 

11740 

2  220 

13  960 

25  240 

" 

" 

April  28. 

2  405 

9  180 

2  440 

11620 

3  090 

12  220 

2  260 

14  480 

26100 

5    A.M.-   1    A.M. 

20 

May  20. 

2  503 

8  930 

2  210 

11140 

3  006 

11710 

2  450 

14  160 

25  300 

« 

" 

June  25. 

2  480 

8  060 

1820 

9  880 

1  3  950 

9  690 

2  670 

12  360 

22  240 

" 

" 

July  17. 

2  150 

7  430 

1910 

9  340 

\  2  570 

9  840 

2  140 

11980 

21320 

" 

" 

Aug.  13. 

2  085 

7  990 

1970 

9  960 

2  496 

9  960 

2  400 

12  360 

22  320 

" 

" 

Sept.  17. 

2  512 

9  060 

2  130 

11190 

3  005 

11587 

2  300 

13  887 

25  077 

" 

" 

Oct.   11. 

2  710 

10  247 

2  830 

13  077 

3  280 

13  285 

2  750 

16  035 

29  112 

.< 

" 

Nov.  17. 

2  980 

10  515 

2  175 

12  690 

3  709 

13  854 

2  250 

16  104 

28  794 

■' 

" 

Dec.  20. 

3  480 

10  683 

2  845 

13  528 

4  620 

16  211 

2  195 

18  406 

31934 

12  P.M. -12.   P.M. 

24 

1885.  Feb.   21. 

3  473 

12  608 

3  220 

15  828 

4  725 

17  883 

2  800 

20  683 

36  511 

.. 

■• 

188G.   May  25. 

7  187 

25  306 

6  840 

32  146 

7  870 

30  807 

7  284 

38  091 

70  237 

" 

•• 

1887.  Nov.  29. 

9  402 

33  516 

9  200 

42  716 

10  068 

40  721 

7  693 

48  414 

91130 

" 

" 

Mean  per 

22.3 

79.5 

20.5 

100. 

21.8 

83.6 

16.4 

100. 

Carried  one  way. 

cents,  in  24 1 

hours. 

10. 

35.5 

9.1 

44.6 

12.1 

46.3 

9.1 

55.4 

100. 

Carried  both  ways. 

19th. — Power  Expended. — Observations  from  time  to  time  have  been 
made,  to  determine  the  power  expended  in  hauling  the  cable.  For  two 
days  in  November,  1883,  during  the  afternoon  hour  when  the  travel  was 
the  greatest,  indicator  cards  were  taken  from  the  driving  engine  at  short 
intervals;  at  the  same  time  the  movement  of  the  trains  and  the  number 
of  passengers  each  carried  were  noted,  and  from  the  data  thus  obtained, 
the  two  diagrams,  Plates  XXIX  and  XXX  were  prepared.  In  these, 
the  paths  of  the  trains  are  shown  by  the  broken  lines,  the  engine 
horse-powers  by  the  irregular  full  lines,  and  the  times  the  cards 
were  taken  by  the  small  circles.  The  profile  underneath  each 
diagram  serves  to  locate  the  trains  at  any  particular  moment  of 
their  passage  over  the  Railway.  During  the  entire  working  day, 
19^  hours,  April  26,  1886,  also  before  and  after  the  trains  were  put  on 
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TABLE  VI. — PASSENGEES  CABKIED    EACH  HOUR  OF  THE  DAY. 


Tuesday,  May  25 

,  1886. 

Tuesday,  November  29,  1887. 

Hour 

beginning  at 

From 
New  York. 

From 
Brooklyn. 

Totals. 

From 
New  York. 

From 
Brooklyn. 

Tola's. 

12  pm. 

320 

155 

475 

389 

197 

686 

1  A.M. 

195 

104 

299 

249 

62 

311 

2     •• 

158 

131 

289 

211 

80 

291 

3     " 

93 

129 

222 

111 

128 

239 

4     " 

112 

144 

256 

112 

139 

251 

5     " 

127 

432 

559 

143 

370 

513 

6     '• 

410 

2  708 

3  118 

469 

2  894 

3  363 

7     " 

505 

7  870 

8  375 

841 

9  366 

10  207 

8     " 

645 

7  483 

8  128 

712 

10  068 

10  78,0 

9     " 

746 

3  489 

4  235 

1007 

4  589 

5  596 

10     " 

799 

1834 

2  633 

1  144 

2  776 

3  920 

11     " 

968 

1  450 

2  418 

1  333 

2  267 

3  600 

12      M. 

1033 

1275 

2  308 

1  345 

1  618 

2  963 

1  P.M. 

1  012 

1480 

2  492 

1416 

1  909 

3  385 

2     " 

1361 

1601 

2  962 

1  620 

1  687 

3  307 

3     " 

1662 

1227 

2  889 

2  109 

1  897 

4C06 

i    " 

2  294 

1001 

3  355 

4  068 

1843 

5  911 

5     " 

7  094 

1  113 

8  207 

9  402 

1  580 

10  982 

6     " 

7  187 

924 

8  111 

8  519 

1  121 

9  640 

7     " 

1921 

1  101 

3  022 

2  251 

1402 

3  653 

8     " 

915 

711 

1626 

1373 

652 

2  025 

9     " 

855 

598 

1  453 

1314 

562 

1  876 

10    " 

896 

607 

1503 

1271 

667 

1938 

11     " 

838 

464 

1302 

1307 

480 

1787 

Total 

32  146 

38  091 

70  237 

42  716 

48  414 

91  130 

and  taken  off,  indicator  cards  were  taken  from  the  driving  engine,  at  half 
and  quarter  hour  intervals  ;  the  horse-powers  so  determined  are  shown 
by  the  diagram,  Plate  XXVIII ;  representative  cards,  and  one  recording 
nearly  the  maximum  i)ower  developed  bv  the  driving  engine  at  any 
time  are  reproduced  in  Plate  XXYII.  Referring  to  the  diagram,  it  will 
1)6  seen  that  the  indicated  power  used  on  the  day  mentioned,  ranged 
from  303.1  horse-power  maximum  to  12.9  horse-power  minimum  and 
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negative;  that  the  mean  for  the  whole  19^  hours  the  trains  were  hauled 
was  96.2  horse-power  ;  that  for  5  hours  from  7-30  to  9  o'clock  a.m.  and 
from  4-30  to  7  o'clock  p.m.  it  was  150.5  horse-j^ower,  and  for  the  re- 
maining 14^  hours  it  was  74.4  horse-power;  also  to  drive  the  plant 
without  trains,  it  was  47.7  horse-power. 

The  diagram  exhibits  great  and  abrupt  fluctuations  of  power  ;  in  one 
instance  an  increase  of  190  horse-power  within  fifteen  minutes,  and  in 
another,  239  horse-power  within  thirty  minutes.  There  are  also  large 
differences  in  the  power  indicated  at  the  two  ends  of  the  steam  cylinder; 
this  is,  however  not  due  as  may  at  first  be  inferred,  to  an  ill  adjustment 
of  the  steam  valves,  since  at  one  time  the  greater  power  is  developed  at 
one  end,  and  at  another  time,  at  the  other  end  of  the  cylinder.  These 
variations  of  power  are  not  unusual  in  the  working  of  the  driving  en- 
gines ;  a  brief  observation  in  the  engine  room,  when  the  cable  is  hauled, 
will  show  that  the  power  applied  often  varies  much  more  abruptly,  at 
shorter  intervals  and  between  wider  limits  than  here  recorded.  In  ex- 
planation of  this  it  may  be  said,  that  although  the  engines  are  equipped 
with  an  automatic  valve  gear  of  approved  design,  the  regulation,  under 
the  quick  and  large  changes  in  load,  is  slow  and  late,  and  therefore  fre- 
quently too  great  in  one  direction  or  the  other  ;  as  seen  by  an  insisection 
of  the  Railway  jirofile,  Plate  XXVI,  the  Stations  are  not  at  the  same 
elevation,  the  summit  is  not  midway  between  them,  and  the  inclines 
leading  from  them  are  not  alike ;  and  lastly,  the  trains  are  almost 
always  unequally  laden,  and  often  at  unequal  distances  apart. 

The  diagram  shows  that  five  times  during  the  working  day  observed, 
the  indicator  card  taken  was  negative  ;  at  these  and  other  times  within 
the  intervals  at  which  the  observations  were  made,  the  steam  was  cut 
off,  perhaps  the  throttle  valve  was  closed  by  the  engineer  in  charge,  and 
the  engine  was  driven  by  the  back  haul  from  the  outgoing  line  of  cable  ; 
the  preponderance  of  load  at  such  time  being  on  the  down  grades  and  in 
excess  of  the  friction  of  the  cable  driving  plant.  This  racing  frequently 
occurs  ;  generally  when  the  travel  is  comparatively  light,  or  when  to 
lengthen  the  headway,  trains  are  being  removed.  Usually  it  continues 
but  a  brief  period,  during  which,  however,  the  speed  of  the  engine  is 
sometimes  greatly  increased ;  thus  on  one  occasion  56  revolutions 
were  made  one  minute,  84  revolutions  the  second  minute  and  56  revo- 
lutions the  third  minute  ;  whence  the  normal  speed,  57  revolutions 
per  minute  was,  in  the  short  interval,  nearly  doubled.  There  being  more 
and  longer  trains  run  now  than  formerly,  as.  may  be  expected,  the 
engine  races  more  frequently. 

The  engines  described  and  in  use  since  the  Railway  was  first  oper- 
ated, have  singly  furnished  power  sufficient  for  the  maximum  service; 
except  on  rare  occasions,  as  for  instance,  in  unfavorable  weather,  when 
the  trains,  heavily  laden  and  frequent,  in  consequence  of  an  interference 
with  headway,  were  most  of  them  moving  up  grade;  and  as  has  oc- 
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ciirred  a  few  times,  when  the  brakes  were  not  released  as  the  train  was 
leaving  a  Station,  or  hj  a  leakage  in  the  air  pipes,  were  applied  while 
the  train  was  in  motion  ;  then  the  driving  engine  has  slackened  speed 
considerably,  and  even  came  almost  or  qnite  to  a  dead  stojj.  The 
greatest  power  indicated  by  a  single  engine  at  any  time  is  394.5  horse- 
jjower. 

20th. — Traction  of  Trains. — Observations  made  June  1  and  2,  1887, 
to  see  how  far  a  train  moved  from  a  state  of  rest  in  acquiring  full 
cable  speed,  gave  106.6  feet  or  about  two-thirds  the  train  length,  as  the 
mean  of  11  tests,  with  trains  of  3  cars.  To  determine  how  much  of  the 
power  developed  by  the  driving  engine  is  exj^ended  in  hauling  the  trains 
and  how  much  in  overcoming  the  friction  of  the  cable  driving  plant, 
cars  have  been  drawn  over  the  Railway  by  locomotives,  with  a  dynamo- 
meter substituted  for  the  connecting  link;  the  results  thus  obtained 
were  diverse  and  unsatisfactory,  and  they  are  not  here  quoted.  The 
following  examination  is  based  upon  data  given  in  the  jDreceding  Article 
and  embodied  in  the  diagram,  Plate  XXVII.  During  the  19^  hours 
the  engine  ran,  Ai)ril  26,  1886,  there  were  hauled  each  way,  501  trains 
and  1072  cars,  weighing  11256  tons;  these  carried  from  New  York 
about  32  000  passengers,  weighing  (at  16  passengers  per  ton)  2  000  tons, 
and  from  Brooklyn,  about  35000  passengers,  weighing  2188  tons. 
While  attached  to  the  cable,  the  trains  from  New  York  to  Brooklyn 
were  raised  26.2  feet  and  from  Brooklyn  to  New  York,  lowered  24.8  feet;, 
these  being  the  differences  in  elevations  of  the  points  where  the  grips 
were  applied  at  one  Station  and  released  near  the  other  Station.  Using 
this  data,  the  computed  mean  traction  of  the  trains  during  the  working 
day  is  equivalent  to  37.5  horse-power;*  the  mean  power  developed  by 

*  Placing  G  for  the  grade  in  feet  per  hundred  or  per  cent.,  n  for  number  of  cars  in  the 
train,  T  for  its  weight  in  tons  (of  2000  pounds)  and  1'  for  its  speed  iu  miles  per  hour;  the 
resistances,  R  in  pounds,  to  be  overcome  in  moving  a  train  at  uiform  speed  is  expressed  as- 
follows:  The  axle  or  rolling  friction  maybe  taken  at  5.47";  the  air  pressure  against  the  head 
of  the  train,  at  O.WV^  and  against  the  sides  of  the  cars  at  0.003nT'=;  the  resistance  due  to- 
oscillation  and  percussion  at  O.OOOri'^,  and  the  resistance  due  to  grade  at  lOGT.  Collecting 
these,  and  writing  m  as  a  multiplier  of  the  co-efflcients  which  may  be  subject  to  change  ; 

J{  =  (5.6m±  20G)  7+  (0.28  +  O.OSre -f  0.0067)  mK^;     (a) 
and  for  V  =  10: 

R  =  (6m  ±  20G)  T  +  [Sn  -}-  28)  m;     (h) 

Comparing  the  results  obtained  by  this  formula  with  observations  made  on  the  traction 
of  trains  on  the  Railway,  1.3  was  taken  as  a  probable  value  of  m;  whence  the  equations- 
become: 

R  =  (7.2  ±  20(;)  T-\^  (0.36  +  O.Oln  +  O.OOSr)!'";     (c) 
and  for  Ve  =  10: 

R  =  {8±  10G)  T  -I-  in  +  36.     {d) 

In  starting  the  train,  the  initial  rolling  friction  for  the  first  100  feet,  to  be  added  to  7.27", 
is  taken  at  10  pounds  per  ton  or  107";  and  in  acquiring  full  speed,  the  resistance  developed 

in  thespace  the  train  thus  moves  (a  function  of  the  "  velocity  head  "  — -jbccomes  CS.SSTT^.^ 
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tlie  driving  engine  was  96.2  horse-power  ;  or  about  one-eiglitli  of  the 
maximum  power,  taken  as  per  indicator  card,  Plate  XXVII,  at  380.7 
horse-power.  It  is  assumed,  in  the  absence  of  information  to  the  con- 
trary, that  in  addition  to  the  friction  of  the  plant  itself,  the  loads  im- 
pose an  increase  varying  with  them;  placing  E  iov  the  maximum  power 
of  driving  engine,  e  for  the  power  required  to  operate  the  plant  without 
trains,  R  for  the  traction  of  trains  and  F  for  the  coefficient  of  friction 

W  —  p  —  /? 

due  to  the  latter;  then  E  =  e  +  {\  -\-  F)  R,  and  F  = j^ Sub- 
stituting the  numerical  values  given  above,  jP  =  0.3;  whence  the 
friction  of  the  cable  driving  plant  due  to  the  traction  of  the  trains  was 
on  the  day  mentioned,  three-tenths  of  the  load;  and  probably  on  other 
•days  does  not  varv  greatly  from  this. 

21st. — Hauling  Power  of  the  Drums. — The  capacity  of  a  cable 
•driving  plant,  like  that  in  operation  on  the  Bridge  Eailway,  is 
limited  by  the  hauling  i^ower  of  the  drums  as  well  as  by  the  motive 
power  of  the  driving  engine.  In  a  few  instances,  similar  to  those  re- 
ferred to  in  the  last  paragraph  of  Article  20,  when  the  engine  was 
overloaded,  the  cable  generally  at  the  time  being  wet  and  dripping,  it 
has  slipped  on  the  winding  drums  ;  if  when  this  took  place,  the  maxi- 
mum power  of  the  engine,  say  380  horse-power  was  exerted — making 
due  allowance  for  the  friction  of  engine  and  drums — probably  not  more 
than  350  horse-power  was  transmitted  to  the  incoming  cable.  This  is 
equivalent  to  a  direct  haul  of  13  125  pounds  ;  the  tension  car  causes  a 
stress  on  each  cable  of  about  1  785  jjounds  ;  whence  the  total  resisting 
stress  on  the  incoming  cable  would  be  greater  than  14  910  pounds,  of 
which  the  stress  on  the  outgoing  cable  is  less  than  12  per  cent. ;  this  cor- 
responds quite  closely  with  the  theoretical  efficiency  of  a  cable  driven  by 
one  drum  and  wound  as  it  is  in  this  plant,  the  cable  and  grooves  being 
not  lubricated.*  Since,  however,  when  the  cable  has  slipped  on  the 
drum  (except  in  one  instance),  both  were  wet ;  without  doubt,  much  less 
than  the  maximum  power  of  the  driving  engine  was  then  exerted. 


*  The  general  problem  in  this  case  is  :  Given  two  drums,  with  a  cable  making  one-fourth 
turn  around  the  first  drum,  then  in  succession  three  or  four  half  turns  around  each 
drum,  and  iinally  one-fourth  turn  around  the  second  drum  ;  required  what  tractive  force 
may  be  exerted  on  the  cable  ;  the  first  and  both  drums  being  driven,  and  in  each,  with  the 
cable  and  grooves  fully  lubricated,  half  lubricated  and  not  lubricated.  Placing  for  one 
groove,  Pj  for  the  tension  in  the  incoming  and  jij  for  that  in  the  outgoing  cable, 

Pi  =  Pi  «"■'■'  («) 
in  which  f  is  the  coefiaclent  of  friction  between  the  cable  and  groove,  taken  with  fuU  lubri- 
cation at  0.1,  with  half  lubrication  at  0.15,  and  with  no  lubrication  at  0.2  ;  a  is  the  arc  of 
contact  of  the  cable  and  the  particular  groove  with  radius  equal  to  unity,  being    therefore 
J  for  one-fourth  turn  and  w  for  one-half  turn  ;  and  e  is  the  base  of  the  Naperian   system  of 

logarithms,  whence  e"-  is  the  number  whose  common  logarithm  is         '    —    From  equation 

^e),  remembering  that  the  stress  on  the  cable  outgoing  from  one  groove  is  that  on  the  cable 
incoming  to  the  next  or  following  groove  ;  Table  A  is  computed,  in  which  the  total  stress  on 
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III.— WEAR,  RENEWALS  AND  CHANGES. 

22d. — Wear  of  Grooves  in  the  Drums.  —Soon  after  tlie  Railway 
was  first  operated,  (November  17,  1883)  a  counter,  registering  100  000, 
was  attached  to  the  driving  drum,  and  since  a  record  of  the  revolu- 
tions daily  made  has  been  kept.  Erom  this,  estimating  the  number 
of  revolutions  from  the  opening  of  the  Railway  to  traffic  (September 
24,  1883)  to  the  time  the  record  began,  at  1  275  250,  and  taking  12  feet  as 
the  mean  diameter  of  the  driving  drum — ^whence  each  revolution  equals 
0.00714  miles,  or  140  revolutions,  one  mile  nearly — Table  VII  was 
compiled.  Great  pains  were  taken  when  the  winding  drums  were 
made,  to  have  the  centers  of  the  semicircular  grooves  for  the  cables  of 
equal  diameter  and  as  nearly  12  feet  as  possible.  The  cylindrical  face 
of  each  drum  was  carefully  turned  and  the  grooves  fitted  to  a  comb- 
shaped  templet,  which  bearing  against  the  face,  entered  each  groove 
and  gauged  its  depth.  The  accuracy  of  the  work  was  tested  by  calliper- 
ing the  drums  at  the  bottoms  of  the  grooves,  and  also  by  measuring  their 
circumferences  with  a  small  revolving  disk.  The  wear  of  the  grooves 
was  soon  apparent,  and  from  time  to  time  was  measured.  February  2, 
1884,  the  grooves  of  the  driven  drum  were  0.02  inches  less  in  diameter 
than  those  in  the  driving  drum.  The  results  of  other  measurements  are 
given  in  Table  VIII. 


the  incoming  cable,  P  =  1.  The  values  here  given  of  P  — p  and  p,  for  "  First  drum  driven  "' 
and  "  Four  grooves,"  correspond  to  the  case  of  the  present  cable  driving  plant;  equation  (e). 


TABLE   A. — TRACTIVE   POWER   OF   WINDING   DRUMS. 


First  Drum  DRrvEN. 

Both  Dkums  Driven. 

Four  grooves. 

Five  grooves. 

Four  grooves. 

Five   grooves. 

Corffliient 
friction, 

Tractive 

power 

=  P-p. 

Stress  on 

outgoing 

cable 

Tractive     Stress  on 
VO-er       °-.o.ng 

Tractive 
power 
=  i--p. 

0.889 
0.963 

0.988 

Stress  on 
outgoing 

cable 

=  p. 

Tractive 

power 

^P-p. 

Stress  on 

outgoing 

cable. 

=  p. 

0.1 

0.15 

0.2 

0.667 
0.808 
0.889 

0.333 
O.l'.Vl 
0.111 

0.715           0.285 
0.848            0.152 
0.919            0.081 

0.111 
0.037 
0.012 

0.919 
0.977 
0.993 

0.081 
0.023 
0.007 

and  the  quantities  deducted  therefrom,  given  in  the  Table,  however  apply  to  a  perfectly  flex- 
ible cable  of  invariable  length,  whatever  the  stress  to  which  it  is  subjected.  In  practice 
neither  of  these  conditions  obtain,  and  though  probably  the  values  stated  of  the  tractive 
power  and  of  the  stress  on  the  outgoing  cable  are  nearly  correct,  the  stresses  on  the  inter- 
mediate lines  between  the  drums  must  ditfer  considerably  from  values  therefor  determined 
by  the  formula. 
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TABLE  VII. — KEVOLUnONS   OF  DRrV^IMG  DRUM   AND   HAUL   OF   CABLE. 


Kevolutions  of  the  DRrVING  Dbum. 

Miles  the  Cable  was  hauled. 

From 

1883-81 

1834-85 

1885-86 

1880-87 

1887-88 

00 
00 

00 

4. 

00 
00 

00 

00 

2 

§8 

00 

Sept.  23  to 
Nov.  1 

Oct.  30  to  May 
1    

April  30  to 
Nov.  1 

Totals  to  May 
1,  1888 

905  820 
i  870  680 
5  274  350 

5  038  620 
5  217  340 

5  007  790 
5  156  010 

5  070  130 
5  150  390 

! 
4  794  160 

6  468 
34  776 
37  659 

36  333  35  755 

37  252  36  814 

36  201 
36  774 

35  515 

46  715  290 

333  547 

TABLE   VIII. — WEAR   OF   GROOVES  IN   THE  DRUMS. 


When  srEASURED. 

Apr.  21, 
1886. 

Apr.  23, 
1886. 

May  5, 

1887. 

May  6, 

1887. 

Feb.  1, 
1888. 

Feb.  2, 

1888. 

Drum. 

Driving 

Driven 

Inch. 
0.16 
0  21 
02 
0.21 

Driving 

Driven 

Driving 

Driven 

Inch. 

0  24 
0.26 
0.23 
0  22 

Inch. 
0  33 

0.37 
0.38 
0.35 

Inch. 
0.27 
0.34 
0.34 
0.33 

Inch. 
0.41 
0.43 
0.41 
0.35 

Inch. 
0.38 

0.39 

0.39 

0.38 

Mean  depths  of  the  four  grooves 

0.2375 

0.195 

0  3575 

0.32      ; 

0.4 

0.385 

Total  number  of  miles  the  cable  had 
been  hauled  when  measurement  was 

18G  422 

186  831 

262  261 

1 
262  463 

316  310 

316  511 

Resulting    mean    diameter    of    drum, 

143.525 

1690 
100 

143.61 

1689 
99.9408 

1 

143.285 

1912 
100 

143.36 

1  911 
99.9477 

143.2 

4  774 
100 

143  -^3- 

Comparative    number    of    revolutions 
made    to    haul  the    same    length  of 

4  773 

99.979^ 

Total  wear  in  cubic  inches: 

for  each  drum  when  measurement 

638.32 
0.003424 

524.25 
0.002806 

960.03 
0.00366 

859.55 
0.003275 

1  074.18 
0.003396 

1  033.67 

for   each  drum   per  mile  of  cable 

0.003266. 

for  both  drums  when  measurement 
was  taken 

1162.57 
0.00623 

1819.58 
0.0069.35 

210 
0.0( 

7.85 

for  both  drums  per  mile  ot  cable 

)6662 

*  For,  this  let  D  and  d  be  the  diameters,  A"  and  n  the  number  of  revolutions,  of  the  driving 
and  driven  drums,  respectively;  then  when  the  driven  drum  has  lost  one  revolutioo; 


iV—  1  =  n,  and  DN  =  dn;  whence  N= 
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It  will  seen  that  this  Avear  was  not  uniform;  the  first  cable  when  re- 
moved November  7,  1886,  was  reduced  in  diameter  to  If  inches,  and 
the  grooves  it  had  deepened  were  barely  wide  enough  to  receive  the  new 
cable,  which  for  a  time  wore  mainly  on  the  sides  and  not  on  the  bottom 
of  the  grooves.  Up  to  February  1,  1888,  the  total  wear  of  the  grooves 
in  both  drums  was  f  cubic  inches  for  each  100  miles  the  cable  was 
hauled;  that  is,  one  cubic  inch  of  solid  cast-iron  was  cut  from  the 
grooves  and  ground  to  i^owder  each  15  hours  the  plant  was  running. 

23d. — Slip  of  the  Drums. — If  the  cable  did  not  increase  in  length 
under  stress,  the  two  drums  would  revolve  inversely  in  proportion 
to  their  diameters;  in  practice,  however,  it  is  quite  different:  the 
driven  drum  lagging  behind  the  other,  in  a  ratio  increasing  with  the 
loads  imposed.  A  counter  being  attached  to  each  drum,  these  results 
were  obtained  (Table  IX),  from  which  it  appears  that  this  slip  in  June, 
1887,  was  nearly  twice  so  great  as  in  November,  1883;  although  prob- 
ably, the  drums  were  more  nearly  equal  in  diameter  at  the  later  than  at 
the  earlier  date. 

TABLE   IX. — SLIP  OF  DKUMS. 


Date  of  Observation. 

November    18    to 
21,  1883. 

AprU  20   to   23, 
1886. 

June  22  to  24, 

1887. 

Drum. 

Driving. 

Driven. 

Driving.      Driven. 

Driving. 

Driven. 

Kevolutious  in  the  same  time 

1  567 
100. 

1566 
99  9361 

1  090            1  089 
100.         99.9083 

804               813 
100.        99.8756 

24:th. — Creeping  of  the  Cable  on  the  Drums. — A  little  consideration 
will  show  that  necessarily,  the  cable  must,  as  it  passes  from  groove  to 
groove  around  these  winding  drums,  creep  more  or  less  in  each  groove;  to 
this  action  the  wear  of  the  grooves  and  largely  of  the  cable  is  due.  If  the 
incoming  and  outgoing  lines  were  equally  strained,  or  resisted  stress 
without  change  in  length,  the  cable  could  not  creep  unless  the  grooves  in 
a  drum  Avere  of  unequal  diameter.  Rarely  however,  do  either  of  these 
conditions  obtain.  The  stresses  on  the  two  lines  range;  for  the  incoming 
cable  from  that  caused  by  the  maximum  haul  and  the  tension  car  to- 
gether when  the  load  is  greatest  and  positive,  to  that  caused  by  the  ten- 
sion car  alone  when  the  load  is  least  and  negative;  and  similarly  for  the 
outgoing  cable  from  that  caused  by  the  tension  car  alone  to  that  caused  by 
it  together  with  the  negative  load  which  sometimes  exceeds  75  per  cent, 
of  the  positive  load.  The  cable  extends  or  contracts  in  length  as  the 
loads  imposed  increase  or  diminish,  and  such  changes  corresjionding  in 
extent  to  the  differences  in  stresses  on  the  incoming  and  outgoing  lines, 
must  take  place  in  the  cable  on  the  drums  between  the  points  Avhere  the 
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wrapping  begins  and  ends.  Hence,  as  the  grooves  in  a  drum  revolve  to- 
gether, the  cable  in  two  of  them  will  creep  in  one  and  in  the  other  two 
in  the  contrary  direction ;  the  sliio  of  the  driven  drum  will  be  determined 
by  the  mean  of  these  movements  and  the  difference,  if  any,  between  the 
diameters  of  the  two  drums.  The  resulting  wear  will  therefore  be 
nearly  alike  for  the  grooves  of  either  drum  and  somewhat  the  greater  for 
those  in  the  driving  drum. 

25th.— Breakage  of  Drums. — The  drums  were  made  each  with 
flat  double  arms  and  two  hubs  which  with  the  rim  were  in  one  piece, 
as  shown  in  Plate  Y;  in  casting,  the  hubs  were  split  radially  into 
three  parts;  in  finishing,  wedges  were  driven  into  the  spaces  so  formed 
and  wrought  iron  bands  shriink  on.  It  was  first  intended  to  drive  both 
of  the  larger  drums  by  means  of  the  smaller  friction  drum  in  contact 
between  them  and  keyed  to  the  main  shaft;  it  was  thought  that  sufficient 
pressure  to  develop  the  necessary  tangential  friction  would  be  induced  by 
the  tension  on  the  several  lines  of  wrapped  cable,  and  if  need  be,  this 
pressure  was  to  be  increased  by  forcing  keys  in  between  the  pillow- 
blocks  of  the  larger  drums  and  the  frame.  Before,  however,  this  part  of 
the  i:)lantwas  finished,  the  pinion  keyed  to  the  main  shaft  and  the  gear 
wheel  bolted  to  one  or  the  driving  drum,  were  added  (see  Plate  II) ;  and 
the  friction  drum  was  left  free  to  revolve  independently  of  the  main 
shaft,  between  the  two  other  drums  and  aid  in  driving  the  one  without  a 
gear  wheel.  As  so  arranged,  the  plant  for  a  time  was  operated;  soon, 
however,  arms  of  the  smaller  and  then  of  one  of  the  larger  drums,  one  after 
the  other,  cracked,  each  quite  close  to  the  rim  and  separated  from  it.  Jan- 
uary 25,  1884,  several  arms  of  the  large  drum,  all  of  the  arms  on  one 
side  and  most  on  the  other  side  of  the  smaller  drum,  had  so  failed  and 
been  reinforced  by  segmental  iron  jilates  bolted  to  the  broken  parts  and 
joining  them  together.  Acting  upon  the  suggestion  that  these  breakages 
Avere  mostly  due  to  the  deforming  stresses  which,  as  the  drums  revolved, 
constantly  tended  to  diminish  the  horizontal  and  increase  the  vertical 
diameters;  the  lai-ger  drums  were  then  wedged  apart  about  J  inch,  where- 
by the  smaller  drum  was  relieved  from  pressure  and  consequently  from 
work;  the  winding  drums  ran  more  smoothly  than  before,  the  slip  appar- 
ently did  not  increase  and  no  other  arms  failed.  Since  the  friction  drum 
was  thus  relieved,  the  winding  drums  as  repaired  have  been  contin- 
uously operated  and  are  still  in  use;  the  only  stoppages  being  during  the 
past  year  to  renew  one  of  the  wrought  iron  hub  bands  on  the  driving 
drum  twice,  and  one  on  the  driven  drum  once;  these  were  put  on,  in 
halves  with  bolts,  without  much  delay. 

26th. — The  new  DRrais. — In  preparation  for  a  possible  ultimate  fail- 
ure, duplicate  drums  were  early  provided,  shown  in  Plate  VI,  and  have 
since  been  kept  in  reserve.  In  these  the  arms  are  hollow  and  of  an  ellip- 
tical section  ;  they  and  the  hub  on  one  side  were  cast  in  one  jiiece,  the 
rim   in    another,    the   bearing   surfaces   were    finished,   and   the   three 
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parts  which  collectively  form  a  drum, were  bolted  together  with  finished 
bolts  driven  into  reamed  holes. 

27th.— Wear  of  the  Engines,  Clutches  and  Gears. — Taking  into 
consideration  the  irregular  and  constant  work  demanded  of  them,  the 
driving  engines  have  served  well ;  the  work  has  been  quite  equally  di- 
vided between  the  two;  as  arranged  but  one  can  be  operated  at  a 
time,  and  to  change  from  one  to  the  other,  the  plant  must  be  stopped. 
The  jaw  clutches,  shown  in  Plate  III,  whereby  they  are  connected 
with  the  drums,  have  worn  greatly.  These  are  of  the  ordinary  form, 
with  two  ijrojections  on  each  side  ;  the  outer  diameter  of  the  bearing 
surfaces  is  26  inches  and  the  mean  inner  diameter  IGJ  inches,  the 
dejjth  of  jaw  is  4  inches;  whence  the  total  area  of  bearing  surfaces  is 
38  square  inches;  these  have  worn  away  about  li^  inches,  thus  45 J 
cubic  inches  of  solid  metal  have  been  removed  from  each  o:*  90 j  cubic 
inches  from  both  clutches  during  the  time  they  have  been  in  use.  The 
gear  teeth  are  of  the  epicycloidal  form  ;  they  were  cut  accurately  tO' 
shape.  The  bearing  surface  of  each  tooth  is  12  inches  wide  and  6.4 
inches  long,  or  76.8  square  inch?s ;  a  recent  careful  examination  failed 
to  show  perceptible  wear. 

28th.  Description  of  the  Cable. — The  siaecification  for  the  hauling 
cables  used  on  the  Bridge  Eailway  requires,  that  each  cable  shall  have  6 
strands  of  19  wires,  laid  up  under  a  strain  of  not  less  than  10  000  pounds, 
in  a  regular  right  hand  lay  of  medium  length  and  around  a  core  of  the 
best  hemp  rope,  well  tarred;  it  shall  be  \l  inches  in  diameter,  weigh 
3.1  pounds  per  foot  in  length,*  and  withstand  a  stress  of  50  tons;  the 
wires  of  which  the  cable  is  composed  shall  be  of  "steel  of  a  uniform 
and  suitable  quality  ; "  they  shall  be  about  tV  inch  in  diameter  and 
withstand  a  stress  of  1  000  pounds  each;  specimens  under  tensile  strain 
shall,  if  12  inches  long,  stretch  not  less  than  4  per  cent.,  and  if  60 
inches  long,  not  less  than  3A  percent;  they  shall  also  be  capable  of  being 
wound  around  a  rod  \  inch  in  diameter  and  straightened  again  without 
fracture;  the  ends  of  abutting  wires  shall  l)e  joined  well  together  with 
brass  solder,  and  no  strands  shall  be  spliced. 

Upon  examination  it  is  found:  the  diameter  of  the  cable  being  IJ 
inches,  that  of  each  strand  is  ^  inch,  and  consequently  of  the  center  of 
the  strands  is  1  inch;  the  strands  are  so  laid  that  they  make  one  revo- 
lution around  the  cable  in  8|  inches,  and  the  wires  similarly  around  a 
strand  in  3  inches,  each  of  cable  length.  Therefore  the  ratio  of  the 
length  of  the  cable  to  the  length  of  a  strand  and  of  its  central  wire  is 
1.0624;  to  the  6  inner  wires  of  a  strand  is  1.0855,  and  to  the  12  outer 
wires  is  1.1984;  the  mean  of  these  ratios  for  a  single  wire  is  1.1556.t 

*  The  first  cable,  as  made  and  delivered,  weighed  3\  pounds  per  foot  in  length. 

t  In  computation,  the  extension  within  elastic  limits  of  one  of  these  cables,  under  tensile 
strain,  has  been  taken  empirically  for  the  whole  cable  at  0.000  000  07  per  pound  of  stress  per 
foot  in  length. 
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29th. — Strength  of  the  Cable. — The  record  is  not  at  hand  of  tests  of 
wires  for  the  first  cable  which  was  worn  out,  and  for  the  second  cable- 
which  is  now  iu  use;  that  of  tests  of  wires  for  the  third  and  fourth  cables, 
now  in  reserve,  is  given  iu  Table  X.  The  sj^ecimens  were  taken  from 
coils  selected  at  random  from  the  stock  prepared,  three  being  cut 
from  each  coil  so  selected;  two  of  these  were  subjected  to  tensile 
strain  and  the  third  was  wound  around  a  rod  \  inch  in  diameter.  The 
last  test  in  each  case  was  satisfactory,  the  specimen  being  coiled  several 
turns  and  then  straightened;  it  was  also  bent  back  and  forth  manj^ 
times  without  fracture. 


TABLE  X.  —  TESTS  OF  STEEL  WIRE  UNDER  TENSILE  STRAIN. 


© 

a 

a 

Breaking  strain. 

a 

a 

Breaking  strain. 

J3 

00 

Cable 
and 
date. 

Number 
giveu, 
to  coil 
of  wire 
tested. 

a 

Q 

o 

o 

to  o 

°  a 
a'" 
"S) 
a 

a 

a" 
3  oi 

o 

a 

Org 

p 

ce  o 

to  . 

u 

".a 
=  .2 

CIO 

a 

a 

a  £ 
§1 

.a" 
p 

la 
U 

o 
CM 

9| 

eg  o 

—  o 

Hj 

1 

0.095 

60 

1  390 

193  400 

4.8 

12 

1  2-20 

169  700 

7. 

2 

" 

1210 

168  300 

5.8 

•' 

1403 

195  900 

5. 

3 

" 

1230 

171  100 

3.2 

" 

1236 

172  000 

7.3 

4 

" 

1070 

148  900 

" 

1  128 

156  900 

9. 

§ 

5 

•' 

1160 

101400 

5. 

" 

1214 

168  900 

8. 

«3 

6 

" 

1086 

151  100 

4.1 

" 

1132 

157  500 

9. 

.*■ 

7 

" 



" 

1040 

144  700 

10. 

00 

7 

^ 

1112 

154  700 

5. 

•• 

1  160 

161  400 

8. 

1 

0.095 

Gl 

1084 

1.52  900 

4.5 

12 

1012 

142  800 

6.3 

2 

0.099 

" 

1  114 

144  700 

6.7 

" 

1  134 

147  300 

7.1 

3 

0.101 

•■ 

1152 

143  800 

6.1 

" 

1140 

142  300 

5. 

H 

4 

0.09S 

« 

1020 

135  200 

5.3 

« 

984 

130  500 

6.1 

I-'  (D 

." 

5 

0.101 

" 

1210 

151000 

4.9 

" 

1280 

159  800 

7,5 

To  determine  the  loss  in  strength  of  the  first  cable,  after  it  was  re- 
moved, three  pieces  23  feet  long  were  put  under  tensile  strain;  they  re- 
sisted up  to  69  240,  6S  060  and  68  049  pounds  respectively,  and  the  two 
last  named  stretched  abjufc  3^  per  cent. 
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30th.— Stretch  of  Cables. — During  the  period  a  hauling  cable  is 
used,  it  permanently  stretches,  at  first  rapidly  and  afterwards  at  a  lesser 
rate  and  quite  uniformly.  Since  March,  1883,  a  daily  record  has  been 
kept  of  the  jjosition  of  the  Brooklyn  tension  car.  From  this  and  earlier 
data,  the  stretch  of  these  cables  is  readily  deduced,  and  is  here  given. 


TABLE   XI. — STRETCH   OF   CABLES. 


Length 

Stketch. 

Length 

Stretch. 

"S 

« 

Per  mile 

■a 

Per  mile 

of 

■d 

P 

- 

of 

,_,- 

P 

Oj 

.a 

o 

:« 

.4 

Cable, 

cable 

1 

a: 

^ 

Cable. 

cable 

C3 

<u 

s 

J3 

hauled, 

.« 

a 

XI 

g 

hauled. 

.a 

a 

.a 

bo 

o 

^ 

S3 

a 

miles. 

o 

n 

8 

miles. 

SO 

n 

§ 

J 
O 

« 

c8  2 

o 

CI 

1 

■s.a 

•♦.• 

^- 

§  2 

o  o 

a  " 

&4 

u 

u 

o 

a 

fe 

fe 

C 

o 

fe 

Eh 

o 

0 

First 

25  000 

67. 

67. 

0.032 

0.032 

First 

225  000 

263.5 

23.3 

0.014 

0.011 

50  0C0 

109. 

42. 

0.026 

0.02 

"     

226  283 

267.8 

0.014 

75  000 
100  000 

127  3 

18  3 

0  02 

0  009 

«•  

150.6 

23.3 

0.018 

0.011 

Second. . . 

25  000 

136. 

136. 

0.065 

0.065 

125  000 

176.5 

25.9 

0.017 

0.013 

"      ... 

50  000 

172. 

36. 

0.041 

0.018 

150  000 

192.5 

16. 

0.015 

0.007 

"      ... 

75  0CO 

210.7 

38.7 

0.034 

0.018 

,, 

175  000 

216.7 

24.2 

0.015 

0.012 

"      ... 

100  000 

250.7 

40. 

0.03 

0.019 

200  000 

240.2 

23.6 

0.014 

0.011 

"      ... 

107  274 

287. 

0.032 

When  taut  and  the  tension  car  is  at  its  highest  position,  the  cable  is 
about  11  400  feet  long;  whence  the  first  cable  during  its  entire  use 
stretched  2.35  per  cent.,  and  the  second  cable,  up  to  May,  1888,  stretched 
2.52  per  cent.  During  each  8  hours  of  the  first  40,  after  the  second 
cable  was  i^ut  in,  it  stretched  16i,  3f,  6J,  2i  and  If  feet  resijectively,  or 
altogether  30|  feet;  some  of  this  doubtless  was  slack,  not  all  taken  out 
when  the  splicing  was  done.  The  stretch  of  a  cable  is  due  partly  to  the 
tension  to  which  it  is  subjected,  but  doubtless  much  more  to  the  action 
of  the  grips.  As  indicating  the  probable  eft'ect  of  their  jDrossure  on  it, 
(see  Article  37) ;  referring  to  Table  I,  the  grijjs  were  api)lied  1  074  times 
for  the  329  trains  run  April  29,  1884;  2  150  times  for  the  515  trains  run 
April  27,  1886;  and  2  688  times  for  the  487  trains  run  May  1, 1888.  Tak- 
ing, (Article  20),  107  feet  as  the  mean  length  of  cable  which  passes  be- 
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tween  the  grip  sheaves,  from  the  time  the  grip  is  closed  until  the  train 
moves  at  full  speed;  on  the  days  mentioned,  the  total  length  of  cable 
thus  subjected  to  pressure,  was  114  918  feet,  230  050  feet  and  287  616 
feet;  and  if  the  compressed  spaces  were  uniformly  distributed,  the  whole 
cable  passed  between  the  grip  sheaves,  10,  20  and  25  times  respectively. 
As  the  cable  stretches,  the  hempen  core  becomes  harder,  more  compact 
and  of  course,  smaller;  from  this,  as  well  as  wear,  the  cable  also  is  re- 
duced in  size;  the  first,  when  taken  out,  being  but  li  inches,  and  the 
one  in  use  now  is  about  li\  inches  in  diameter.  Besides  stretching  per- 
manently, the  cable  under  changes  of  load  and  variations  in  tem- 
perature, extends  or  contracts  within  elastic  limits,  sometimes  to  a. 
noticeable  extent;  data  however,  are  lacking  to  determine  with  pre- 
cision how  much  is  this  movement,  separate  from  the  other. 

31st. — Renewing  the  Cable  ;  Splicing. — The  first  cable  was  in  con- 
tinuous use  from  the  opening  of  the  Railway,  to  November  7,  1886;  then 
it  was  replaced  by  the  second  cable,  which  is  still  serviceable.  When 
a  cable  is  put  in  place,  its  ends  ai'e  spliced;  it  is  respliced  when  the 
length  of  slack  allows  the  Brooklyn  tension  car  to  reach  its  lowest 
position  and  then  the  cable  is  shortened;  also  when  the  wires  at  the  splice 
are  much  worn,  or  many  of  them  are  broken,  the  defective  i^art  is  cut  out 
and  a  jjiece  of  new  cable,  of  diameter  the  same  as  that  of  the  worn 
cable,  is  inserted;  in  which  case,  two  splices  are  necessary.  During  its 
use,  the  first  cable  was  respliced  seven  times,  twice  with  a  single  splice 
and  five  times  with  two  splices;  the  second  cable  has  been  respliced  four 
times,  thrice  with  a  single  splice  and  once  with  two  sijlices.  The  length 
of  these  splices  varied;  that  of  the  second  splice  in  the  first  cable  was 
96  feet,  and  that  of  those  lately  made  is  60  feet;  the  shorter  splice  is 
found  to  be  as  serviceable  as  the  others,  and  when  resplicing  is  to  be 
done,  it  is  more  likely  to  permit  the  old  splice  to  be  cutout.  If  a  splice, 
say  60  feet  long,  were  sejsarated  without  disturbing  the  lay  of  the 
strands,  leaving  the  lajjped  ends  of  the  cable,  side  by  side,  as  they  were 
in  the  splice;  it  would  be  seen  that  for  either  cable  end,  the  strand  ends 
were  one-sixth  a  splice  length  or  10  feet  apart,  except  at  the  centre  where 
they  would  be  one-third  a  splice  length  or  20  feet  apart;  also — designating 
the  cable  ends  by  A  and  B;  that  the  strands  of  A  lapjsed  by  the  corres- 
ponding strands  of  B,  in  j^airs,  each  2  feet.  In  making  a  splice,  taking  the 
strands  in  numerical  order  from  the  longest  to  the  shortest,  the  first  strand 
of  A  is  wound  into  the  jolaee  left  by  the  shortened  end  of  the  sixth  strand 
of  B;  the  second  strand  of  A  into  that  of  the  fifth  strand  of  B;  and  sim- 
ilarly for  the  other  pairs  of  strands.  Where  the  pair  of  strands,  which 
are  in  one  line,  lap  by  each  other;  the  cable  is  untwisted,  2  feet  of 
the  hempen  central  strand  is  cut  out,  and  in  place  of  the  piece  so  re- 
moved, the  free  strand  ends  are  tucked  in.  Thus  the  diameter  of 
the  cable  at  the  splice  is  the  same  as  elsewhere ;  except  at  the  six 
points  where  the  strand   ends   cross  each   other   and  are  turned  into 
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the  central  space;  here  the  diameter  is  slightly  increased.  The  cable  to 
be  spliced  being  on  the  sheaves  and  pulleys,  hauled  taut,  and  made 
fast,  with  the  ends  lapping  by  each  other  and  left  free,  the  splicing  is 
done  as  follows:  the  strands  at  each  end  are  unwound  back  to  the  centre 
of  the  splice;  the  two  ends  are  brought  closely  together  and  wrapi^ed, 
with  the  unwoimd  strands  of  A  interposed  regularly  between  the  un- 
wound strands  of  B;  then  the  sixth  strand  of  A  is  cut  close  to  the  wrap- 
ping, unwound,  and  into  the  spiral  space  so  left,  the  tirst  strand  of  B 
is  at  the  same  time  wound;  not  more  than  a  single  turn  being  permitted 
between  the  two  strands;  similarly  the  other  strands  are  wound  in.  As 
the  replaced  strand  sinks  into  the  spiral  space,  it  is  seated  by  gentle 
blows  from  a  coj^per  hammer;  and  to  untwist  the  cable,  in  tucking 
in  the  free  ends  of  the  strands,  it  is  held  in  a  strong,  round  jawed 
vise.  Before  splicing,  the  slack  is  taken  out  and  the  cable  made  taut 
by  a  tackle,  to  which  a  locomotive  is  attached.  A  foreman  with  a  gang  of 
eight  men,  will  now  make  one  of  these  splices,  after  the  cable  is  in  posi- 
tion and  secured,  in  from  two  to  three  hours.  The  whole  operation  is 
usually  done  in  the  interval  between  the  regular  stopping  of  the  cable, 
at  1  o'clock  A.M.,  and  starting  it  again  at  5  o'clock  a.m. 

32d. — Weak  or  Cables. — By  the  constant  bending  of  the  cable 
around  the  sheaves  and  drums,  where  there  must  be  a  slight  movement 
of  the  strands  and  wires  over  each  other  and  particularly  at  the  splices 
where  the  ends  of  the  strands  lap  by,  the  inner  projecting  surfaces  in 
contact  are  abraded  and  wires  from  time  to  time  broken.  Also  some- 
what by  the  action  of  the  grip  sheaves,  but  more  by  contact  with  the 
grooves  in  the  sheaves  and  by  the  slii)  in  the  grooves  of  the  drums,  the 
outer  surface  of  the  exterior  wires  are  worn  away.  An  experimental  grij}, 
with  revolving,  solid  metal  jaws,  was  tried  on  one  car,  for  a  few  trips, 
early  in  1884;  shortly  afterward  wires  were  found  nearly  or  quite  pinched 
off,  being  imbedded  where  they  crossed  as  if  sunken  under  a  heavy 
hammer,  and  in  one  instance,  200  broken  wires  in  100  feet  of  cable 
length  were  reported.  In  a  hauling  cable  however,  the  wires  are  con- 
stantly breaking;  so  long  as  the  ends  do  not  project  and  strip,  the  only 
injury  which  results,  is  the  decrease  in  cable  strength,  and  this  is  slight, 
if  the  breakages  are  evenly  distributed  and  not  close  together.  As  may 
be  expected,  the  wear  requiring  attention  and  repair  is  confined  to  the 
splice  and  its  immediate  vicinity;  this  repair,  (Article  31),  is  usually  done 
by  inserting  a  new  piece  of  cable;  sometimes  however,  a  short  piece  of 
badly  worn  strand  has  been  replaced  by  a  new  one.  No  cable  has  been 
broken,  and  but  once  has  a  strand  hauled  loose  and  unwound.  The 
loose  end,  which  was  drawn  out  at  the  splice,  was  first  noticed  near  the 
Brooklyn  outgoing  sheave,  and  before  the  driving  engine  was  stopped, 
it  had  passed  through  New  York  Station,  and  about  25  feet  were  un- 
wound, however  without  injury  to  the  inilleys  and  sheaves  over  which 
it  had  gone. 
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33d. — Cable  Service. — The  first  cable  was  in  use  3  years  and  43  days, 
and  the  second  cable,  to  May  1,  1888,  has  been  in  use  1  year  and  176 
days.  The  comparative  service  rendered  by  the  two  cables  is  shown 
by  Table  XII,  in  which  certain  items  are  estimated.  By  this  it  will 
be  seen,  that  as  a  mean  of  the  work  done,  over  each  mile  it  was 
hauled,  the  first  cable  moved  96.2  tons,  and  the  second  cable  moved 
200.8  tons. 

TABLE   XII.  —  CABLE    SERVICE. 


1 
a 

Loads  hauled. 

Weights. 

Total  weights 
hauled. 

2  184  992  tons. 

Distance 
hauled. 

Total  sers'ice. 

►i) 

257  052  cars. 
408  265      " 
172  578     " 

8i  tous. 
10 
16 

tJ'S- 

4  082  650     - 
2  761  248     " 

C  5= 

fto. 

2J|;  miles. 

837  895  cars. 
48  960  000  passengers. 

9  028  890  tons. 
3  060  000     ■' 

18  622  086  ton-miles 

CO  w 

125  pounds. 

3  155  625 

•    a 

Total  tervlee 

12  088  890  tons 

21  777  711  ton-miles 

i° 

re 
o 

15  398  cars. 
135  911      " 
476  823      •• 

81  tons. 

lo'     .. 

16 

130  883  tons. 

1  359  110     " 
7  629  168     " 

2  5! 

h^? 

2Js  miles. 

-"5 

to  - 

628  132  cars. 
42  420  000      ■■ 

9  119  161  tons. 
2  651  250     " 

18  808  270  ton-miles 

125  pounds. 

2  734  100 

Total  service 

11  770  411  tons 

21  542  370  ton-miles 

f 

34th. — Tension  Car  Eenewals. — J^ew  wheels  and  axles  were  put 
under  the  Brooklyn  tension  car,  February  21,  1886,  in  place  of  the  first 
ones  which  were  much  worn  ;  about  this  time  the  weight  carried  by 
the  car  was  reduced  5  000  pounds,  and  a  nearly  equivalent  direct  weight 
of  1  100  pounds  was  attached  by  a  wire  rope  and  pulleys.  The  New 
York  tension  car  at  first  had  a  single  horizontal  guide  wheel,  which  ran 
loose  on  the  sheave  pintal  and  traversed  the  horizontal  track  described 
in  Article  8.  This  failed  and  July  20,  1886,  a  pair  of  guide  wheels 
smaller  than  the  first  and  having  independent  journals  were  substituted; 
a  new  horizontal  track  was  then  also  supj^lied;  these  are  still  in  good 
condition.     The  sheaves  of  both  cars  have  also  been  renewed. 

35th. — Wear  and  Renewal  of  Sheaves  and  Pulleys.— Several  of 
the  sheaves  first  put  in,  made  as  shown  in  Plate  X,  failed  bv  the  wedges 
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driven  in  the  split  hub  working  out  and  the  hub  becoming  loose  on 
the  shaft.  Some  of  these  were  refitted,  greater  care  being  taken  in 
wedging  and  banding  the  hub,  and  have  served  well  since.  Others  were 
taken  out  because  of  wear  in  the  grooves,  and  a  part  were  replaced  bj 
sheaves  made  as  shown  in  Plate  XL  The  wear  in  the  grooves  of  those 
now  in  use  was  measured  May  20,  1888.  Table  XIII  records  the  renewal 
and  wear  of  sheaves,  arranged  in  order  as  the  cable  moves,  beginning  at 
the  drums  The  first  Brooklyn  tension  car  sheave  became  loose  in  the  hub; 
an  arm  of  the  second  one,  a  sheave  which  had  been  repaired  and  was  of  the 
same  design  as  the  first,  cracked  near  the  shaft.  Two  sheaves  have  not 
been  renewed;  both  have  been  repaired  at  the  hub;  the  horizontal 
sheave  in  New  York  Station  has  been  repaired  twice  and  is  now  much 
worn  in  the  groove  as  stated  in  the  Table,  and  in  the  bore;  its  pinta; 
has  been  revolved  so  as  to  bring  a  fresh  surface  into  bearing,  and  also  is 
much  worn.  It  will  be  seen  that  the  New  York  outgoing  sheave  deflects 
the  cable  the  least:  and  that  excepting  the  two  New  York  incoming 
sheaves,  around  six  of  the  others  about  one-fourth  turn  and  around  the 
Brooklyn  tension  car  sheave  one-half  turn  is  made.  Around  each  of  the 
first  New  Y'^ork  incoming  sheaves  about  one-fourth  turn  was  made  as 
shown  in  Plate  XVII;  to  increase  the  tractive  power  of  the  new  auxiliary 
cable  plant,  around  these  sheaves  now  in  use  three-fourths  turn  was 
made,  as  shown  in  Plate  XIX,  and  retained  until  a  few  months  ago, 
when  to  permit  a  change  in  the  switching  arrangements,  the  cable  was 
shifted  to  its  former  position. 

Taking  the  wear  of  the  grooves  and  the  time  such  occurred,  given  in 
Table  XIII  as  a  basis,  the  estimated  mean  wear  during  the  entire  opera- 
tion of  the  i^lant,  is  as  follows:  one  cubic  inch  of  cast  iron  was  cut  from 
the  eight  sheaves  not  packed,  in  12|:  hours;  oue  cubic  inch  of  wood  from 
the  two  sheaves  so  packed,  in  16J  hours  and  one  cubic  inch  of  leather  and 
india  rubber  from  the  two  sheaves  so  packed  in  43 J^  hours;  and  summing 
the  two  (see  Article  22),  one  cubic  inch  of  cast  iron  was  cut  from  the 
grooves  of  the  drums  and  sheaves  together  in  6  J  hours.  The  angles  of  son- 
tact  between  the  several  sheaves  and  the  cable  being  considered ;  it  is  also 
estimated  that  under  like  conditions,  the  relative  wear  of  the  three  styles 
of  grooves  will  be  about  as  follows:  taking  a  groove  packed  with  leather 
and  india  rubber  as  10,  that  of  one  packed  with  wood  will  be  69,  and  of 
one  not  packed  will  be  25.  This  attrition  is  done  by  the  cable,  which 
must  also  be  worn  much  more  by  the  grooves  that  are  not  packed  than 
by  the  others. 

In  renewing  the  sheaves,  the  diameter  of  the  journals  of  two  was 
increased  from  5  to  6  inches,  and  of  two  others  from  3  to  4  inches; 
wherever  the  pillow  blocks  were  also  renewed,  those  shown  in  Plate 
XIV  were  substituted  for  those  first  used,  shown  in  Plate  XIII.  Be- 
fore this  was  done,  these  journals  frequently  heated;  they  have  given 
little  trouble  since  the  changes  were  made. 
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TABLE  Xni. — RENEWAL   AND   WEAK   OF   SHEAVES. 


Wear  of 

o 

groove. 

j 

'> 

> 

Location   of 

sheave. 

Description. 

Packing  iu 
groove. 

Length   and 

diameter 
of  journals, 
inches. 

When 

sheave  was 

renewed. 

oi 

§ 
1^ 

o 
o 

ac 

a  X 

—    o 

Q 

Engine      room. 

low  frame 

Plate  X. 

Plate     X., 
repaired. 

None. 

6x  i 

In  use. 

0.22 

Engine      room, 

tension   car.. 

Plate  X. 

Plate     X., 
repaired. 

Plate     X., 

6x3 

■ 

1885,  May  24. 

1886,  April  24. 

1.67 
0.92 

.... 

.... 

repaired. 

" 

In  use. 

2.02 

0.31 

2.07 

Engine      room, 

high    frame.. 

Plate  X. 

" 

" 

4.61 

0.34 

4.66 

Brooklyn — 
outgoing 

Plate  X. 

.' 

1884,  June  15. 

0.73 

.... 

Plate  XI. 

6x4 

In  use. 

3.88 

0.28 

3.93 

New  York  —  first 

incoming  .... 

Plates  X,  XVII.   Wood. 

6x5 

1885,  June  13. 

1.73 

0.84 

1.73 

Plates  XII,  XIX. 

Leather     and 

rubber. 

6x6 

In  use. 

2.88 

044 

2.93 

New  York— sec- 

ond incoming 

Plates  X,  X^^I. 
Plates  XII,  XIX. 

Wood. 
Leather     and 

0x5 

1885,  June  13. 

173 

0.5 

1.73 

rubber. 

6x6 

In  use. 

2.88 

0.44 

2.93 

New  York — 

horizontal 

Plate  X. 

None. 

4-in.  pintal. 

4.61 

0.53 

4.66 

New  York — 

tension    car.. 

Plate  X. 

" 

" 

1886.  June  20. 

2.74 

.... 

.... 

Plate  XI. 

" 

In  use. 

1.87 

0.38 

L92 

New  York — 

outgoing 

Plate  X. 

" 

6x3 

1884,  Dec.  8. 

1.2 

.... 

Plate  XI. 

'• 

6x4 

In  use. 

3.41 

0.31 

3.46 

Brooklyn  — 

incoming  ....  Plate  X. 

" 

" 

1884,    June  5. 

0.7 

.... 

.... 

Plate  XI. 

" 

" 

In  use. 

3.91 

1.03 

3.96 
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The  i)ulleys  which  support  the  cable  between  the  rails,  only  have 
been  renewed  when  the  flanges  or  arms  were  accidentally  broken, 
■which  however,  has  rarely  happened;  their  packings  wear  quite  regularly, 
the  mean  service  being  abont  ten  weeks.  A  sujij^ly  of  repacked  i)ulleys 
is  kej^t  in  stock,  and  a  change  is  (quickly  made,  by  a  single  workman, 
whenever  necassary  and  while  the  cable  is  running.  It  was  found  that 
the  tilting  pulley  shown  in  Plate  XVI,  by  the  inertia  of  its  weight  and 
other  parts  to  be  overcome  when  it  is  moved  and  as  each  car  passes 
over  it,  gave  quite  a  blow  to  the  grip  frame  and  tended  to  force  it  out 
of  place;  the  coiled  spring  recently  substituted  for  the  weight  (as  de- 
scribed. Article  10),  attached  to  the  tilting  lever  so  as  nearly  to  balance 
it  and  the  other  parts  during  the  entire  movement  up  and  down,  has 
much  reduced  the  concussion;  the  grip  is  kept  with  less  care  in  its 
l^osition  under  the  car  body,  and  the  system  of  tilting  pulleys  at  a  plat- 
form is  operated  with  greater  ease  and  certainty. 

36th. — Train  Equipjment. — As  heretofore  stated,  the  Railway  was 
first  supplied  with  ears,  one-half  36  feet  4  inches  long,  weighing  8^ 
tons,  and  one-half  48  feet  long,  Aveighing  10  tons;  the  shorter  cars 
were  sold  and  others  purchased  48  feet  10  inches  long,  weighing 
16j  tons.  It  was  soon  found  inconvenient  to  make  up  trains  with  cars 
varying  much  in  length;  for  sufficient  capacity  the  longer  cars  were 
required;  and  that  they  might  endure  the  continuous  service  per- 
formed, without  change  in  shape  or  frequent  repairs,  greater  strength 
and  consequently  increased  weight  were  requisite;  to  permit  more  rapid 
entrance  and  egress  of  the  passenger  load,  side  doors  were  added,  and 
to  control  more  certainly  the  train  in  any  emergency  on  the  steeji  grades 
of  the  railway,  the  vacuum  brake  which  was  first  held  in  reserve,  was 
fitted  for  constant  use,  thereby  replacing  the  hand  brake.  To  increase 
the  effective  brake  resistance,  some  cars  have  been  equijsped  with  boxes 
from  which  sand  may  be  discharged  on  the  rails;  so  far,  the  necessity  of 
such  has  not  been  proven.  A  large  part,  compared  with  other  railways, 
of  the  round  trip  being  over  curves  of  short  radii,  frogs  and  switch  points; 
the  wheel  flanges  wear  rapidly,  and  care  has  to  be  taken  to  preserve  the 
gauge. 

37th. — ^Geip  Sekaice. — By  inserting  a  spring  balance  in  the  two 
lines  of  wire  rope  whereby  the  grip  is  operated  (see  Plate  XXIV)  it  was 
found  that  the  brakemau  or  gripman  could  apply  over  400  pounds  stress 
at  the  end  of  each  grip  lever.  The  friction  of  the  sheave  against  the  cable 
must  always  be  greater  than  that  of  the  brake  against  the  inner  i^eri- 
phery  of  the  sheave,  if  the  same  pressure  is  applied  to  each,  as  in  this 
grip;  otherwise  the  cable  would  slip  between  the  sheaves.  The  friction 
of  oak  against  cast  iron,  both  being  dry  and  not  lubricated,  may  be 
25  per  cent,  of  the  pressure  causiiag  it;  whence  the  tractive  capacity  of 
the  grip  will  be  equal  to  the  pressure  applied  to  each  brake  and  to  one- 
half  that  exerted  by  the  grip  lever.     The  multiplication  by  the  grip  gear 
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(Plate  XXII)  is  7.4  and  by  the  grip  lever  when  the  grip  is  closed  is  25; 
hence  for  4  000  pounds  direct  haul,  the  pressure  on  each  pair  of  brakes 
will  be  8  000  i^ounds,  and  the  stress  at  the  outer  end  of  each  grip  lever, 
320  pounds;  quite  within  the  limit  of  working  force  the  gripman  may 
apply  at  the  hand  wheel;  and  much  les^  than  is  usually  exerted.  As 
practically  illustrating  the  power  of  the  grip  now  used,  this  record 
is  copied.  On  the  evening  of  April  18,  1887,  the  driving  engine  Avas 
nearly  stopped  in  consequence  of  an  omission  in  the  New  York  Station 
to  uncouple  from  a  three-car  train  attached  to  the  cable  by  two  grips, 
the  switching  locomotive,  to  the  rear  of  which  was  coupled  another 
three-car  train  ;  whereby  the  two  grips  were,  hauling  six  cars  and  a 
locomotive. 

Aside  from  renewal  of  the  sheave  packings,  the  repairs  to  the  grijjs 
are  chiefly  due  to  the  train  when  entering  a  Station,  running  beyond  the 
incoming  sheaves  without  the  cable  being  released,  which  sometimes 
happens.  Thus  in  May,  1885,  the  forward  grip  was  not  opened  as  the 
train  approached  New  York  Station,  and  the  cable  was  pulled  out,  bend- 
ing the  two  lower  side  sheave  shafts  and  slightly  tearing  the  packings; 
the  gi-ip  was  used  on  the  return  to  Brooklyn;  the  damaged  shafts  with 
their  sheaves  were  rejjlaced  in  a  few  minutes  by  others,  and  the  car  was 
again  put  in  service.  The  accident  was  caused  by  the  brakeman  not 
being  able  to  disengage  the  grip ;  probably  after  it  was  closed,  as  the 
train  left  Brooklyn  Station,  the  cable  splice  drew  in  between  the  sheaves 
and  strained  the  grip  gear.  The  sheave  packings  of  the  grip  first  used, 
rarely  served  longer  than  30  days,  without  renewal;  the  grip  now  used 
was  first  put  on  the  Railway,  April  2,  1885,  and  the  cars  were  equijjped 
with  it  in  due  course;  a  record  of  the  service  of  all  sheave  packings 
of  these  grips  is  kept;  from  which  it  appears  that  from  April  13,  1885, 
to  March  31,  1888,  236  sets  were  inserted  and  removed;  the  term  of 
service  ranged  from  348  to  37  days,  and  the  round  trips  made  from 
9  815  to  962,  the  average  being  4  075  round  trips;  taking  2iV  miles  as 
the  length  of  a  round  trip,  the  mileage  ranged  from  20  244  to  1  984;  the 
average  being  8  405  miles. 

38th. — Lubrication. — At  first,  all  bearings  were  lubricated  with  oil, 
from  an  oil  can  or  cup;  afterwards  for  most,  was  substituted  a  grease  of 
the  consistency  of  lard  and  flowing  when  slightly  heated;  with  this  a 
special  cup  is  employed,  having  a  screw  cover  which  the  attendant  turns 
a  little  at  !> roper  intervals,  in  some  cases  only  once  a  day,  and  forces  the 
lubricant  between  the  wearing  surfaces.  Generally,  the  grease  is  thus 
moi-e  conveniently  applied  than  the  oil;  and  so  far  as  known  in  the 
absence  of  definite  test,  at  considerably  less  cost.  The  first  cable,  be- 
fore it  was  much  worn,  was  coated  with  a  hot  mixture  of  vegetable  tar 
and  linseed  oil;  the  second  cable  soon  after  it  was  put  in  was  brushed 
with  linseed  oil;  and  in  either  case  no  other  applications  were  made. 
How  far  such  are  economical  is  uncertain;  a  new  cable,  as  delivered,  is 
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coated  with  tar,  Avliicli  prevents  rusting  while  it  is  on  the  reel  and 
held  in  reserve;  when  in  use  it  externally  is  kept  bright  by  the  drums, 
sheaves  and  grips,  and  internally  there  is  no  oxidation.  Could  the 
wires  forming  the  cable,  where  they  overlap  each  other  and  are  in  con- 
tact, be  lubricated,  some  wear  at  these  places  might  be  saved;  bnt  the 
cable  is  not  likely  to  fail  from  this  wear;  any  suitable  coating  will  lessen 
the  hold  of  the'  grip  and  the  haul  of  the  drums  ;  a  corresponding 
increase  of  grip  pressure  will  be  necessary,  thus  inducing  a  much 
greater  destruction  of  the  cable  than  that  sought  to  be  prevented,  as 
well  as  adding  to  the  wear  of  the  packings  of  the  grip  sheaves. 
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EXPERIMENTS  UPON  Z-IRON  COLUMNS. 


By  C.  L.  Strobel,  M.  Am.  Soc,  C.  E. 
Read  November  16th,  1887. 


About  a  year  ago  the  writer  was  called  upon  to  prepare  plans  and 
specifications  for  the  superstructure  of  the  new  bridge  of  the  Chicago, 
Milw-aukee  and  St.  Paul  Railway  over  the  Mississippi  River  at  Kansas 
City.  1  545  lineal  feet  of  this  structure  is  a  double  track  iron  trestle- 
work  of  45  feet  average  height.  It  was  found  that  important  advantages 
could  be  secured  for  this  part  of  the  structure  by  ado^jting  for  the 
compression  members  a  new  form  of  cross-section  consisting  of  four 
Z-irons  joined  by  lattice  bars  in  the  middle  jslane,  as  indicated  by  sketch. 


As  Z-irons  were  not  at  the  time  rolled  in  this  country,  it  was  neces- 
sary for  the  mill  furnishing  this  material  to  prepare  rolls  specially  for 
the  purpose.  The  Z-shape  is  obtained  by  joining  two  angles  as  at  a  in 
sketch,  and  the  rolling  corresponds  to  the  rolling  of  angle  iron,  the  rolls 
operating  with  their  axes  parallel  to  the  line  b  c.     It  was  found  that  the 
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rolliug  of  the  Z-irou  presented  no  greater  difficulty  than  the  rolling  of 
ordinary  angle  iron. 

ffk 
^_ 

Notwithstanding  the  higher  price  charged,  becaiise  new  rolls  had  to 
be  prepared  to  roll  the  Z-iron,  it  was  furnished  by  the  mill  at  a  much 
lower  rate  jjer  pound  than  channel  iron  (for  which  it  acted  as  a  substi- 
tute) coiild  have  been  bought  for,  and  a  considerable  saving  in  the  cost 
of  the  structure  was  thereby  effected. 

Other  advantages  of  this  form  of  compression  member  over  two 
channel  bars  latticed,  the  usual  type,  were  thought  to  be  the  following: 

Economy  of  material  in  the  lattice  bars.  These  are  short,  and  only 
one  set  is  required,  while  two  must  be  used  in  the  other  form  of  cross- 
section. 

Economy  of  manufacture;  only  two  rows  of  rivets  required,  whereas 
four  are  needed  in  the  other  cross-section. 

Protected  position  of  lattice  bars  and  consequent  freedom  from 
damage  during  transi)ortation  and  in  handling. 

Possibility  of  effecting  better  connections  with  other  members  in  the 
design  of  the  structure.  This  feature  was  considered  an  important  one, 
as  it  is  held  that  the  efficiency  and  serviceability  of  the  parts  connected 
are  dependent  more  upon  the  method  and  detail  of  the  connection  than 
upon  the  particular  form  of  cross-section  used  for  the  members  them- 
selves. 

Having  adopted  the  cross-section  described  for  all  the  columns  and 
struts  in  the  trestlework  of  the  Kansas  City  Bridge,  it  was  thought 
advisable  to  make  some  experiments  to  test  its  efficiency,  and  i^rove  that 
the  limits  to  which  the  members  were  to  be  strained  in  the  structure 
were  safe  and  consistent. 

Owing  to  the  large  size  of  the  columns  in  the  structure  itself,  it  was 
not  possible  to  test  full-size  si^ecimens,  therefore  smaller  columns  were 
used  in  the  experiments,  but  of  the  proportions,  as  near  as  possible,  of 
those  in  the  structure.  The  Z-irons  in  the  latter  were  3x5x3  inches 
in  size  and  iir  inches  thick,  while  in  the  test  columns  2^  x  3  x  2i-inch 
Z-irons  Avere  used- 1',, -inches  thick.  Six  columns  were  tested  of  the 
lengths  10  feet  11  i  inches,  15  feet,  and  19  feet  i  inches,  two  columns  for 
each  length.     The  exi^ense  of  these  tests  was  borne  by  the   Chicago, 
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Milwaukee  and  St.  Paul  Eaihvay  Company.  The  results  proved  to  be 
very  satisfactory,  and  the  subject  was  considered  of  sufficient  general 
importance  to  be  pursued  further.  It  was  decided  to  test  nine  addi- 
tional columns  of  longer  lengths,  so  as  to  obtain  results  covering  the 
limits  of  actual  practice.  The  expense  of  these  tests  was  jointly  borne 
by  the  Chicago,  Milwaukee  and  St.  Paul  Railway  Company,  and  the 
Keystone  Bridge  Comj^any.  The  additional  columns  tested  w'ere  22,  25 
and  28  feet  long,  three  columns  for  each  length. 

The  results  of  the  tests  of  the  entire  series  of  fifteen  columns  are 
herewith  presented  to  the  Society  as  a  contribution  on  the  subject  of  the 
strength  of  wrought-iron  compression  members. 

The  tests  were  made  in  the  hydraulic  testing  machine  of  the  Key- 
stone Bridge  Company,  at  their  works  in  Pittsburgh,  under  the  super- 
vision of  S.  C.  Weiskopf,  M.  Am.  Soc.  C.  E.,  inspector  of  shop  work,  on 
behalf  of  the  Chicago,  Milwaukee  and  St.  Paul  Railway  Company,  for 
the  Kansas  City  Bridge. 

The  material  was  manufactured  by  Brown,  Bonnell  &  Co.,  of 
Youngstown,  O.  The  tests  made  on  siiecimens  cut  from  the  Z-irons  are 
shown  in  Table  No.  3.  These  tests  comprise  all  that  were  made  on 
the  Z-iron  of  this  size  furnished  for  the  Kansas  City  Bridge.  It  is 
difficult  to  determine  the  elastic  limit  accurately  on  the  testing  machine 
used  (Riehle's  100,000  pounds  machine),  and  it  is  probable  that  the 
values  obtained  are  too  high  by  several  thousand  pounds  to  the  square 
inch  in  each  case. 

The  first  six  columns  tested  were  made  by  M.  Lassig,  M.  Am.  Soc. 
C.  E.,  of  Chicago,  and  the  last  nine  columns  by  the  Keystone  Bridge 
Company,  of  Pittsburgh. 

The  columns  were  placed  horizontally  in  the  testing  machine,  with 
the  lattice  bars  in  a  vertical  plane,  the  ends  of  the  columns  abutting 
squarely  against  the  castings  of  the  testing  machine  without  the  inter- 
position of  shoes.  To  counteract  the  tendency  of  the  column  to  sag 
from  its  own  weight,  an  upward  i^uU  was  caused  to  be  exerted  against 
the  middle  of  the  column  equal  to  one-half  its  own  weight. 

Plates  XXXI  and  XXXII  show  the  columns  tested  in  detail.  Their 
appearance  after  the  test  is  plainly  shown  by  the  photographs.  Plates 
XXXI,  XXXII,  XXXIII  and  XXXIV. 

All  of  the  columns  failed  in  the  direction  in  which  they  were  theo- 
retically weakest,  and  in  a  uniform  manner  by  deflection. 
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The  results,  both  in  general  tabulated  form  and  in  detail, -will  be  fotind 
appended.  Tables  Nos.  1  and  2,  also  a  diagram  (Plate  XXXV),  showing 
the  ultimate  strengths  obtained  for  all  square  ended  columns  tested  up 
to  date.  This  diagram  is  a  reproduction  in  part  of  Plate  XXXV  in  Mr. 
Jos.  M.  Wilson's  paper  on  "  Specifications  for  Strength  of  Iron  Bridges," 
Transactions,  Vol.  XV,  p.  366,  June,  1886.  The  tests  on  octagon  columns 
with  diametrical  bolts  are  not  included  in  this  diagram  because  the 
writer  considers  this  column  faulty  in  design,  and  it  never  obtained  an 
extended  use  and  is  obsolete  now. 

It  will  be  seen  that  the  Z-iron  columns  compare  favorably  with 
other  columns  in  ultimate  resistance.  The  values  obtained  are  near 
approximations  to  the  Watertown  results  with  Phoenix  columns,  and 
exceed  those  heretofore  obtained  with  other  types  of  columns.  This 
favorable  showing  for  the  Z-iron  columns  should  i^robably  be  at- 
tributed to  the  fact  that  the  material  in  the  outer  periphery  of  the  cross- 
section,  on  which  dependence  must  be  j^laced  to  hold  the  column  in 
line,  is  not  weakened  by  rivet  holes,  but  is  left  solid  and  unbroken,  and 
is,  therefore,  in  the  best  shape  to  do  its  work  effectively. 

The  writer  called  attention  to  the  small  variation  in  the  ultimate 
strength  of  columns  of  the  same  type  for  lengths  not  exceeding  90  radii 
of  gyration  (32  diameters),  in  his  discussion  of  "Experiments  upon 
Phoenix  Column"  (Transactions,  Vol.  XI,  p.  98,  February,  1882).  Ex- 
cluding very  short  lengths  it  was  found  that  the  ultimate  strength  up  to  at 
least  the  limit  mentioned  (90  radii),  was  j^ractically  constant  irrespective 
of  the  length,  though  not  the  same  for  different  types  of  columns. 

The  average  for  Hodgkinson's  cylindrical  tubes,  for  lengths  ranging 
from  40  to  90  radii  (14  to  32  diameters]  was  33  100  pounds  per  sqixare 
inch. 

The  average  for  the  Watertown  tests  of  Phcenix  columns  for  lengths 
ranging  from  40  to  110  radii  (14.1  to  39.5  diameters)  was  35  800  pounds 
per  square  inch. 

The  average  for  Mr.  Bouscaren's  tests  of  latticed  channel  columns 
for  lengths  ranging  from  59  to  90  radii  (21  to  32  diameters)  was  32  300 
pounds  per  squai-e  inch. 

The  diameters  referred  to  in  the  above  are  the  diameters  of  an 
equivalent  cylindrical  tube  whose  area  is  concentrated  in  the  circum- 
ference and  whose  radius  of  gyration  is  the  same  as  that  of  the  section 
considered. 
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The  present  tests  on  Z-iron  columns  show  no  variation  in  the  ultimate 
strengths  for  columns  64  radii  (23  diameters)  and  88  radii  (31  diameters) 
long,  the  average  being  35,650  pounds  per  square  inch. 

Tests  made  by  the  Keystone  Bridge  Company  for  the  Baltimore  and 
Ohio  Railroad  during  the  construction  of  the  Susquehanna  River  Bridge, 
near  Port  Dej^osit,  on  jiin  bearing  steel  columns  ranging  in  length  from 
66  to  98  radii,  show  a  striking  uniformity  in  the  ultimate  strength. 

The  only  tests  which  do  not  seem  to  conform  to  the  rule  mentioned 
are  Mr.  Christie's  experiments  on  angles,  tees  and  channels;  but  these 
tests  are  very  irregular  in  their  results  and  seem  to  defy  all  law.  An 
exi^lauation  for  this  may,  perhaps,  be  found  in  the  diflferent  conditions 
of  end  bearing  from  those  which  obtain  in  columns.  In  the  latter  the 
the  center  of  gravity  is  in  the  center  of  the  section  so  that  the  forces 
acting  at  the  ends  of  the  column  have  considerable  leverage  and  are  dis- 
posed to  best  advantage  to  hold  the  column  in  line.  In  solid  sections 
like  angles,  tees  and  channels,  on  which  Mr.  Christie's  experiments  were 
made,  not  only  is  the  metal  grouped  nearer  to  the  center  of  gravity  and 
the  end  forces  therefore  act  with  a  smaller  leverage,  but,  owing  to  the 
want  of  symmetry  of  these  sections,  there  is  much  less  resistance  to 
deflection  of  the  strut  in  one  direction  than  in  another. 

Considering  all  the  tests  which  have  been  made  on  hollow  coliimns 
with  square  ends,  the  writer  believes  that  he  is  justified  in  assuming 
that  their  ultimate  strength  is  constant  for  lengths  up  to  90  radii  (32 
diameters).  This  assumption  is  a  convenience  in  the  practical  work  of 
proportioning  the  parts  of  a  bridge,  because  it  saves  the  necessity  of  cal- 
culating the  radius  of  gyration  for  the  chords  and  end  posts,  which  is  a 
somewhat  laborious  oi^eration  and  cannot  readily  be  simplified  by  means 
of  tables. 

In  devising  a  formula  which  would  satisfy  the  results  of  the  tests  on 
Z-iron  columns  for  lengths  beyond  90  radii,  the  equation  of  a  straight 
line  was  found  to  answer  as  well  as  the  equation  of  a  curve,  while  having 
the  advantage  of  simplicity.     The  following  is  the  formula  selected: 

Ultimate  strength  in  pounds  per  square  inch  =  46  000  —  125  —    for 

lengths  exceeding  90  radii  and  35  000  for  lengths  equal  or  less  than  90. 
The  diagram,  Plate  XXXV,  gives  a  graphic  representation  of  the  formula, 
values  for  which  are  also  contained  in  the  Table  No.  1.  The  deviations 
from  the  results  of  tests  are  on  the  safe  side. 
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It  lias  been  customary  to  allow  8  000  pounds  per  square  inch  in 
compression  for  bridge  members  of  sliort  length,  which  corresponds  to 
a  factor  of  safety  of  \%%^J^  =  4.35,  when  taken  with  reference  to  the 
ultimate  strength.  Although  this  factor  is  slightly  less  than  is  cus- 
tomary for  tension  members  (for  which  the  factor  is  about  fooil u  =  4.6), 
it  seems  ample  when  the  fact  is  considered  that  the  ratio  of  elastic  limit 
to  allowed  strain  is  the  true  factor  of  safety  in  the  ordinary  use  of  a  struc- 
ture, and  that  this  ratio  will  be  greater  for  compression  members  than 
for  tension  members  on  the  basis  of  above  factor.  Indeed,  for  long  com- 
pression members  which  fail  by  flexure  as  a  whole,  the  ultimate  strength 
is  very  little  removed  from  the  elastic  limit,  so  that  the  factor  of  safety 
with  reference  to  the  elastic  limit  becomes  greater  as  the  length  of  the 
member  increases,  assuming  the  factor  of  safety  with  reference  to  the 
ultimate  or  crippling  strength  to  remain  constant.  Dividing  the  con- 
stants in  the  above  formula  by  4.35,  we  obtain  10  600  —  28.5  — 

For  convenience,  and  as  providing  additional  security  for  long  mem- 
bers, the  writer  considers  it  desirable  to  substitute  30  for  28.5  as  the 
second  constant,  whence  is  obtained  the  following: 

Allowed  strain  in  pounds  per  square  inch  for  square  ended  Z-iron 
columns, 

10  600  —  30       for  lengths  exceeding  90  radii; 

and  8  000  for  lengths  equal  or  less  than  90  radii. 
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TABLE  No.  2. 

Statement  in  Detail,  of  Tests. 

Statement  No.  1.     Column  No.  3. 

Length  of  column 10  feet  11 1  inclies. 

Sectional  area,  9. -435  square  inclies. 

Weight 427  pounds. 

Contraction  measured  in 9  feet. 

Plane  of  lacing  of  column  placed  vertical. 


Load. 

Veet.  Deflection. 

Hob.  Deflection. 

CoNTK  action. 

Temp. 

Perm. 

Temp. 

Perm. 

Temp. 

Perm. 

Inches. 

Inches. 

Inches. 

Inches. 

Inches. 

Inches. 

40  000 

.04 

.02 

250  000 

.04 

.10 

.10 

270  000 

.04 

.11 

.02 

.11 

280  000 

.05 

.03 

.15 

.02 

.12 

290  000 

.05 

.03 

.17 

.02 

.12 

.... 

300  000 

.10 

.04 

.15 

.07 

.13 

.01 

347  100 

Ultimate 

strength. 

Failed  hor 

izon  tally. 

Statement  No.  2.     Column  No.  4. 

Length  of  column 10  feet  11]  inches. 

Sectional  area,  9.984  square  inches. 

Weight 427  potinds. 

Contraction  measured  in 9  feet. 

Plane  of  lacing  of  column  placed  vertical. 


Load. 

Vekt.  Deflection. 

I 

HoR.  Deflection. 

Contraction. 

Temp. 

Perm. 

Temp. 

Perm. 

Temp. 

Perm. 

Inches. 

Inches. 

Inches. 

Inches. 

Inches. 

Inches. 

40  000 

100  000 

. 

.03 

.04 

180  f  00 

.03 

.03 

.07 

200  000 

.03 

.05 

.07 

220  000 

.03 

.05 

.09 

240  000 

.03 

.07 

.10 

260  000 

.04 

.10 

.10 

280  000 

.04 

.12 

.12 

02 

300  000 

.01 

.10 

.03 

.14 

03 

310  000 

.04 

.10 

.04 

.14 

03 

320  000 

.04 

.12 

.04 

.14 

04 

330  000 

.05 

.05 

.12 

.04 

.14 

04 

340  000 

.15 

.10 

.12 

.07 

.15 

Ofi 

345  800 

Ultimate 

strength. 

Failed  hor 

izontally. 
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Statement  in  Detail  of  Tests. 

Statement  Xo.  3.     Column  No.  2. 

Length  of  column 15  feet. 

Sectional  area,  9.480  square  inches. 

Weight .505  pounds. 

Contraction  measured  in 13  feet. 

Plane  of  lacing  of  column  placed  vertical. 


Load. 

Vekt.  Deflection. 

Hob.  Deflection. 

Conteaction. 

Temp. 

Perm. 

Temp. 

Perm. 

Temp. 

Perm. 

Inches. 

Inches. 

Inches. 

Inches. 

Inches. 

Inches. 

40  000 

.06 

.02 

.02 

200  000 

.06 

.12 

.11 

220  000 

.06 

.10 

.12 

240  000 

.06 

.09 

.14 

260  000 

.06 

.12 

.15 

280  000 

.06 

.13 

.02 

.15 

290  000 

.06 

.13 

.03 

.16 

300  000 

.06 

.19 

.04 

.18 

310  000 

.06 

.19 

.07 

.19 

01 

320  000 

.06 

.28 

.13 

.20 

04 

328  000 

Ultimate 

strength. 

Failed  hor 

izontally. 

Statement  No.  4.    Column  No.  5. 

Length  of  column 15  feet. 

Sectional  area,  9.280  scpiare  inches. 

"Weight 565  pounds. 

("ontraction  measured  in 13  feet. 

Plane  of  lacing  of  column  placed  vertical. 


Vert.  Deflection. 

1 

Hoe.  Deflection. 

Contkaction. 

Load. 

Temp. 

Perm. 

Temp. 

Perm. 

Temp. 

Perm. 

Inches. 

Inches. 

Inches. 

Inches. 

'    Inches. 

Inches. 

40  000 

.12 

.01 



.03 

100  000 

.12 

.01 

j 

05 

150  000 

.12 

08 

180  000 

.12 

.03 

09 

200  000 

.16 

.03 

10 

220  000 

.17 

.02 

.03 

12 

240  000 

.17 

.02 

.03 

14 

260  000 

.22 

.02 

.07 

15 

01 

280  000 

.24 

.06 

.07 

.02 

15 

02 

290  000 

.26 

.09 

.07 

.04 

16 

)2 

300  000 

.27 

.11 

.10 

.04 

17 

03 

310  000 

.27 

.11 

.11 

.05 

18 

04 

320  000 

.27 

12 

.11 

.09 

19 

)4 

330  000 

.39 

.17 

.14 

.10 

19 

t)4 

340  000 

Ultimate 

strength. 

Failed  hor 

izontally. 
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Statement  in  Detail  of  Tests. 
Statement  No.  5.     Column  No.  1. 

Length  of  column 19  feet  J  inches. 

Sectional  area,  9.241  square  inches. 

Weight 729  pounds. 

Contraction  measured  in  17  feet. 

Plane  of  lacing  of  column  placed  vertical. 


Vekt.  Deflectic 

N.         Hoe.  Deflection 

Contraction. 

Load. 

Temp.          Pe 

TD 

n.          Temp.         Pe 

rm. 

Temp. 

Perm. 

Inches.        In 

3h 

es.         Inches.        In 

3he 

8.         Inches. 

Inches. 

40  000 

.05 

.15 

.... 

50  000 

.05 

.15 

'.6i" 

60  000 

.07 

.15 

.02 

70  000 

.07 

.15 

.03 

80  000 

.07 

.15 

.05 

90  000 

.09 

.15 

.05 

100  000 

.09 

.15 

.06 

110  000 

.09 

.15 

.06 

120  Om 

.09 

.15 

.07 

130  000 

.09 

.15 

.07 

140  000 

.11 

.15 

.08 

150  000 

.11 

.15 

.09 

160  000 

.11 

.17 

.10 

170  000 

.11 

.17 

.11 

180  000 

.12 

.17 

.12 

190  000 

.14 

.17 

.12 

200  000 

.14 

.17 

.13 

210  000 

.14 

.17 

.13 

220  000 

.14 

A 

)5               .17 

.14 

230  000 

.17 

.( 

)5               .17 

.15 

240  000 

.17 

.( 

35     i          .17 

.16 

250  000 

.18 

.( 

37     1          .17 

.17 

260  000 

.20 

. 

38     1          .17 

!o. 

J               .18 

270  000 

.22 

. 

39               .14 

.0 

3               .19 

280  000 

.27 

. 

39               .14 

.0 

J               .20 

.02 

312  000 

Ultimate    stren 

gt 

h.      Failed  hor  izon 

tall 

y- 
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Statement  in  Detail  of  Tests. 
Statement  No.  6.     Column  No.  6. 

Length 19  feet  f  inches. 

Sectional  area,  10.104  square  inches. 

Weight 729  pounds. 

Contraction  measured  in 17  feet. 

Plane  of  lacing  of  column  placed  vertical. 


Vert.  Deflection. 

Hoe.  Deflection. 

Conteaction. 

Load. 

1 

Temp. 

Perm. 

Temp. 

Perm. 

Temp. 

Perm. 

Inches. 

Inches. 

Inches. 

Inches. 

Inches. 

Inches. 

80  000 

.08 

.14 

.04 

100  000 

.07 

.14 

.05 

150  000 

.07 

.14 

.08 

180  000 

.08 

.14 

.11 

200  000 

.08 

.14 

.12 

220  000 

08 

.12 

.14 

240  000 

.10 

(i2 

.12 

02 

.16 

260  000 

.10 

02 

.12 

03 

.17 

280  000 

.11 

04 

.12 

04 

.19 

.01 

300  000 

.11 

02 

.08 

04 

.21 

.02 

310  000 

.12 

04 

.10 

05 

•22 

.02 

320  000 

.13 

04 

.10 

07 

.23 

.03 

330  000 

.13 

e)4 

.10 

07 

.24 

.03 

340  000 

.11 

05 

.17 

15 

.24 

.06 

340  600 

Ultimate 

strength. 

Failed  hor 

izontally. 
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Statement  in  Detail  of  Tests. 

Statement  No.  7.     Column  Xo.  7. 

Length  of  column 22  feet. 

Sectional  area,  9.286  square  inches. 

Weight 805  pounds. 

Contraction  measured  in 20  feet. 

Plane  of  lacing  of  column  placed  vertical. 


Load. 

Veet.  Deflection. 

HoK.  Deflection. 

CONTEACTION. 

Temp. 

Perm, 

Temp. 

Perm. 

Temp. 

Perm. 

Inches. 

Inches. 

Inches. 

Inches. 

Inches. 

Inches. 

100  000 

.07 

.31 

.02 

.07 

150  000 

08 

.33 

.04 

.12 

170  000 

08 

.37 

.05 

.15 

190  000 

08 

.37 

.05 

.16 

200  000 

08 

.02 

.38 

.07 

.16 

210  000 

08 

.02 

.38 

.07 

.16 

2'20  000 

08 

.03 

.42 

.11 

.19 

230  000 

08 

.03 

.42 

.11 

.19 

240  000 

08 

.03 

.43 

.12 

.23 

250  000 

08 

.03 

.46 

.13 

.23 

01 

260  000 

08 

.03 

.49 

.17 

.24 

01 

270  OOO 

08 

.03 

.69 

.31 

.26 

03 

280  000 

08 

.03 

1.04 

.58 

.28 

05 

285  000 

Ultimate 

strength. 

Failed  hor 

izontally. 

Statement  No.  8.     Column  No.  8. 

Len  gth  of  column 22  feet. 

Sectional  area,  9.286  square  inches. 

Weight 805  pounds, 

Contraction  measured  in 20  feet. 

Plane  of  lacing  of  column  placed  vertical. 


Vert.  Deflection. 

Hob.  Deflection. 

CONTBACTION. 

Load. 

1 

Temp. 

Perm. 

Temp. 

Perm. 

Temp. 

Perm. 

Inches. 

Inches. 

Inches. 

Inches. 

Inches. 

Inches. 

100  000 

1 

.30 

.12 

150  000 

.30 

.12 

170  000 

.35 

.14 

190  000 

.36 

.14 

200  000 

.38 

.17 

210  000 

.38 

.18 

220  000 

.40 

.18 

230  000 

.40 

.04 

.20 

01 

240  000 

.03 

.46 

.08 

.22 

01 

250  000 

.04 

.01 

.52 

.11 

.22 

01 

260  000 

.04 

.02 

.66 

.17 

.23 

02 

270  000 

.07 

.03 

1.00 

.48 

.27 

04 

274  300 

Ultimate 

strength. 

Failed  hor 

izontall}'. 

:U 
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Statement  in  Detail  of  Tests. 
Statement  No.  9.     Column  No.  9. 

Length  of  column 22  feet. 

Sectional  area,  9.286  square  inches. 

Weight 805  pounds. 

Contraction  measured  in 20  feet. 

Plane  of  lacing  of  column  placed  vertical. 


Vebt.  Deflection. 

HoK.  Deflection. 

CONTEACTION. 

Load. 

Temp. 

Perm. 

Temp. 

Perm. 

Temp. 

Perm. 

Inches. 

Inches. 

Inches. 

Inches. 

Inches. 

Inches. 

100  000 

.08 

.31 

.07 

150  000 

.08 

.31 

.11 

170  000 

.09 

.01 

.33 

.01 

.12 

190  000 

.09 

.01 

.34 

.02 

.14 

200  000 

.09 

.01 

.34 

.02 

.14 

.210  000 

.10 

.01 

.35 

.04 

.16 

220  000 

.10 

.01 

.37 

.07 

.17 

.230  000 

.10 

.01 

.37 

.06 

.18 

.01 

240  000 

.10 

.01 

.38 

.07 

.18 

.01 

-.250  000 

.10 

.01 

.40 

.09 

.22 

.02 

260  000 

.10 

.01 

.43 

.12 

.22 

.02 

270  000 

.08 

.01 

.54 

.20 

.25 

.02 

280  000 

.08 

.01 

.77 

.35 

.27 

.04 

285  000 

Ultimate 

strength. 

Failed  hor 

izontally. 

Statei)ient  No.  10.     Column  No.  10. 

Length  of  column 25  feet. 

Sectional  area,  9.156  square  inches. 

"Weight 900  pounds. 

Contraction  measured  in 23  feet. 

Plane  of  lacing  of  column  placed  vertical. 


.Load. 

Vekt.  Deflection. 

Hon.  Deflection. 

CONTKACTION. 

Temp. 

Perm. 

Temp. 

Perm. 

Temp. 

Perm. 

Inches. 

Inches. 

Inches. 

Inches. 

Inches. 

Inches. 

100  000 

.04 

.31 

.09 

150  000 

.04 

.02 

.38 

.03 

.16 

170  000 

.04 

.02 

.40 

.04 

.17 

190  000 

.04 

.02 

.43 

.07 

.19 

200  001) 

.05 

.03 

.47 

.09 

.20 

210  000 

.05 

.03 

.52 

.10 

.21 

220  000 

.06 

.03 

.58 

.13 

.22 

230  000 

.06 

.03 

.64 

.16 

.24 

240  000 

.07 

.04 

.77 

.22 

.25 

250  000 

.10 

.04 

J.  03 

.35 

.26 

257  400 

Ultimate 

strength. 

Failed  bor 

izontally. 

STROBEL   ON    Z-IRON   COLUMNS. 
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Statement  in  Detail  of  Tests. 
Siateinent  No.  11.     Column  No.  11. 

LengtlL  of  column 25  feet. 

Sectional  area,  9. -456  square  inches. 

Wei.^lit ". 925  pounds. 

Contraction  measured  in 23  feet. 

Plane  of  lacing  of  column  placed  vertical. 


Load. 

Vert.  Deflection. 

Hoe.  Deflection. 

Conte  action. 

Temp. 

Perm. 

Temp. 

Perm. 

Temp. 

Perm. 

Inches. 

Inches. 

Inches. 

Inches. 

Inches. 

Inches. 

100  000 

.05 

.08 

.08 

150  000 

.05 

.13 

.13 

170  000 

.05 

.17 

02       1 

.17 

190  000 

.05 

.22 

03 

.17 

200  000 

.05 

.26 

05 

.19 

210  000 

.05 

.28 

06       1 

.20 

.01 

220  000 

.05 

.36 

07       . 

.22 

.01 

230  000 

.05 

02 

.41 

09 

.23 

.02 

240  000 

.02 

04 

.47 

12 

.23 

.02 

250  000 

.02 

04 

.62 

16 

.25 

.02 

260  000 

.05 

03 

.98 

26 

.28 

.02 

265  200 

Ultimate 

strength. 

Failed  hor 

izontally. 

Statement  No  12.     Column  No.  12. 

Length  of  column 25  feet. 

Sectional  area,  9.516  square  inches. 

Weight 930  pounds. 

Contraction  measured  in 23  feet. 

Plane  of  lacing  of  column  placed  vertical. 


Vert.  Deflectio 

'.    1      HoE.  Deflection. 

Contraction. 

L0.4,D. 

Temp. 

Perm. 

Temp. 

Perm. 

Temp. 

Perm. 

Inches. 

Inche 

s.         Inches. 

Inches. 

Inches. 

Inches. 

100  000 

.26 

.06 

150  000 

1          .31 

.02 

.12 

170  000 

■|^i 

!         .33 

.03 

.13 

190  000 

1         .36 

.03 

.15 

200  000 

!         .39 

.04 

.19 

210  000 

.41 

.05 

.19 

220  000 

.08 

.45 

.06 

.19 

230  00(1 

.08 

.05 

I              .48 

.07 

.22 

240  OOO 

.08 

.05 

I              .57 

.09 

.24 

250  000 

.08 

.05 

I              .66 

.14 

.25 

260  000 

.08 

.05 

I              .84 

.23 

.26 

270  000 

.08 

.05 

I'           1.30 

.50 

.27 

.02 

270  400 

Ultimate 

strength 

.      Failed  hor 

izontally. 
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Statement  in  Detail  of  Tests. 

Statement  Ko.  13.     Column  No.  13. 

Length  of  column 28  feet. 

Seetional  area,  9.375  square  inches. 

Weight 1  025  pounds. 

Coniraction  measured   in 20  feet. 

Plane  of  lacing  of  column  placed  vertical. 


Veet.  Detlection. 

HoK.  Deflection. 

Contraction. 

Load. 

Temp. 

Perm. 

Temp. 

Perm,     j 

Temp. 

Perm. 

Inches. 

Inches. 

Inches. 

Inches. 

Inches. 

Inches. 

100  one 

.18 

.18 

.08 

150  000 

.18 

.25 

.16 

170  000 

.18 

.25 

.17 

190  000 

.18 

.01 

.25 

.20 

01 

200  000 

.18 

.01 

.27 

.22 

01 

210  000 

.18 

.02 

.32 

.23 

01 

220  000 

.14 

.02 

.32 

.25 

01 

230  000 

.13 

.01 

.40 

.04 

.26 

01 

240  0(10 

.13 

1 

.50 

.06 

.27 

02 

250  000 

.11 

.01 

.67 

.12 

.27 

02 

260  000 

Ultimate 

strength. 

Failed  hor 

izontally. 

Statement  No.  14.    Cobimn  No.  14. 

Length  of  column 28  feet. 

Sectional  area,  9.643  square  inches. 

"Weight 1  050  pounds. 

Contraction  measiired  in 26  feet. 

Plane  of  lacing  of  column  placed  vertical. 


Veet.  Deflection. 

HoK.  Deflection. 

CONTEACTION. 

Load. 

Temp. 

Perm. 

Temp. 

Perm. 

Temp. 

Perm. 

Inches. 

Inches. 

Inches. 

Inches. 

Inches. 

Inches. 

100  000 

.11 

.26 

.12 

l.")()  ono 

.11 

.01 

.26 

.16 

170  0(10 

.13 

.93 

.31 

.02 

.17 

19(1  000 

.15 

.05 

.33 

.03 

.21 

200  OOO 

.15 

.05 

.34 

.05 

.23 

210  000 

.16 

.06 

.34 

.05       ' 

.24 

220  000 

.18 

.07 

.36 

.07 

.25 

230  OOO 

.18 

.07 

.41 

.09 

.25 

240  000 

.21 

.08 

.47 

.11       1 

.26 

250  000 

.24 

.09 

.55 

.13 

.27 

01 

260  000 

.25" 

.11 

.67 

-.17 

.27 

01 

270  000 

Ultimate 

strength. 

Failed  hor 

izontally. 
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Statement  in  Detail  of  Te«ts. 

Statement  No.  15.    Column  No.  15. 

Length  of  column 28  feet. 

Sectional  area,  9.375  square  inches. 

Weight 1  025  pounds. 

Contraction  measured  in 20  feet. 

Plane  of  lacing  of  column  placed  vertical. 


Veet.  Deflection. 

HoR.  Dei 

LECTION. 

Contraction. 

Load. 

Temp. 

Perm. 

Temp. 
Inches. 

Perm. 

Temp. 

Perm. 

Inches. 

Inches. 

Inches. 

Inches. 

Inches. 

100  000 

.13 

■  .10 

.10 

150  000 

.07 

.18 

14 

170  000 

.10 

.01 

.23 

.01 

17 

190  000 

.11 

.02 

.28 

.02 

21 

200  000 

.13 

.02 

.32 

.03 

23 

210  000 

.13 

.03 

1         .37 

.04 

23 

220  000 

.14 

.03 

.41 

.05 

23 

230  000 

.15 

.03 

.48 

.07 

24 

240  000 

.18 

.04 

.62 

.07 

25 

250  000 

.20 

.05 

.80 

.18 

20 

258  700 

Ultimate 

strength. 

Failed  hor 

1 

izon  tally. 
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DISCUSSION  ON  THE  STROBEL  COLUMN. 
By  D.  J.  Whittemore,   Past   President   Am.  Soc.  C.  E. 

When  I  learned  tliat  Mr.  Strobe!  would  offer  a  paper  for  our  Trans- 
actions on  this  column,  I  was  exceedingly  anxious  to  secure  an  advance 
proof  copy  of  it,  as  on  the  result  of  the  tests  d(>pended  in  some  consid- 
erable measure  the  safety  of  an  important  structure  built  under  my 
chief  direction.  On  the  perusal  of  that  i)voof  I  find  that  Mr.  Strobel 
has  fully  covered  those  points  to  which  I  wished  to  call  attention,  hence 
I  have  but  little  to  offer. 

When  Mr.  Strobel  first  suggested  the  use  of  this  form  of  column,  I 
am  free  to  say  it  did  not  strike  me  with  favor,  but  giving  it  further 
thought,  I  concluded  to  permit  its  use  in  the  structure  under  my  charge, 
and  it  is  exceedingly  gratifying  to  me,  that  the  record  of  tests  fully 
corroboratad  Mr.  Strobel's  predictions,  given  before  the  tests  were 
made.  We  must  admit,  however,  that  Mr  Strobel  was  not  without  some 
authority  in  making  this  jirediction,  as  by  referring  back  to  his  remarks 
on  the  tests  of  the  Phoenix  columns,  published  in  the  Transactions 
some  years  ago,  we  find  that  he  then  brought  to  our  attention  a  form 
quite  similar  and  the  resulting  test  of  it.  When  we  consider  that  this 
mass  of  metal  is  brought  to  the  requisite  foi'm  by  driving  two  rows  of 
rivets,  its  economic  cost  of  manufacture  becomes  apparent.  In  this 
respect  it  differs  and  has  an  advantage  over  what  we  designate  as  the 
American  column,  which  it  resembles  to  some  extent.  I  wish  to  ac- 
knowledge one  fact  that  operated  to  govern  me  somewhat  in  consenting 
to  the  use  of  the  column,  and  that  was  that  all  the  parts  were  outside 
of  the  prevailing  pool  arrangement  between  makers  of  channels  and 
beams,  for  which  a  higher  price  must  be  paid  than  for  angles  and  other 
forms.  This  in  our  work  amounted  to  several  thousand  dollars,  so  we 
find  ourselves  many  times  rejiaid  for  whatever  was  expended  for  tests. 

It  strikes  me  as  quite  proper  that  this  paper  should  fiist  appear  in 
our  Transactions,  since  the  design  of  the  column  is  from  one  of  our 
accomplished  members,  the  consent  of  its  use  in  an  important  structure 
was  given  by  a  memT)er;  it  was  manufactured  and  it  was  tested  by  mem- 
bers of  our  Society.  It  strikes  me  that  the  name  given  it,  "  Z-Iron  Col- 
umn," is  not  a  proper  one.  The  forms  that  go  to  make  this  column  are 
now  being  made  of  steel,  and  undoubtedly  steel  colunms  will  be  made 
of  these  forms;  hence  I  suggest  the  propriety  of  designating  this  here- 
after as  the  Strobel  column,  after  its  designer,  and  let  him  to  that  ex- 
tent at  least  liavo  whatever  credit  shall  inure  to  its  design. 


TABLE  No.  3. 

Tests  of  Specimens  out  from  3- inch  Z-Iron. 

(Zirons  2^  X  3  X  2j  X  i^„  inches,  8  pounds  per  foot.) 

Iron  Manufactured  by  Brown,  Bonnell  &  Co.,  Youngstown,  Ohio. — Tests  made  in  100  000  pounds  Riehle  Machine,  at  Youngstown,  Ohio. 
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^ 

Cbosb  Dime:!<£I3KS. 

Area. 

Elastic  Limit. 

Maximum  Load. 

Extensions. 

Accepted 

OR 

Rejected. 

Date. 

■el 

an 

Test  Piece  Cut 
From. 

Original. 

Fractured. 

Original. 

Fractured. 

Per  Cent. 

of 
Reduction. 

Actual. 

Lbs.  per 
Sq.  In. 

Actual. 

Lbs.  per 
Sq.  In. 

In  8 
Inches. 

Percent. 

in  8 

Inches. 

Remakes. 

Descriptios  of  Fkactcbk. 

1887. 

Inches. 

Feb.    16 

1 

2JX3X2JZ8 

1.433  X  -329 

1.3.57  X  .286 

.4710 

.3920 

16.70 

16130 

.34  200 

24  100 

.51  160 

1.20 

15.00 

Accepted. 

Web.    1 

Fracture,  fibrous,  clean  and  compact. 

2 

1.444  X  .329 

1.325  X  .285 

.4750 

.3760 

20.80 

16  230 

34  170 

24  630 

51  860 

1.48 

18.30 

Fknge. 

3 

1.449  X  .329 

1.365  X  -280 

.4870 

.3820 

21.60 

17  280 

35  480 

25  080 

51  600 

1.04 

13.00 

' 

Web.  I 

flaw  in  specimen. 

« 

4 

1.464  .'  .333 

1.350  y  .280 

.4840 

.3780 

21.90 

16  940 

35  000 

25  600 

62  900 

1.54 

19.30 

• 

FlaiiHe.  ( 

"                clean  and  compact. 

** 

S 

" 

1.481  y  .331 

1.410       .290 

.4930 

.4090 

17.10 

17  280 

35  000 

24  440 

49  570 

0.96 

12.00 

' 

Web.  i 

"                showing  crop  end. 

6 

«' 

1.498  >    .326 

1.392   •    .284 

.4880 

.3950 

19.00 

17  260 

35  300 

25  200 

51700 

1.32 

16.50 

Flange.  ( 

"                 clean  and  compact. 

" 

7 

1.485    •    .332 

1.394    v    .290 

.4930 

.4040 

18.10 

16  480 

33  400 

24  720 

50  150 

1.12 

14.00 

* 

Web.  1 

..                              ., 

'* 

8 

1.498   .    .326 

1.345    <  .275 

.4880 

.3700 

24.20 

16  600 

34  000 

25  320 

51  880 

1.58 

19.70 

' 

Flange. ) 

"                              '• 

:.'  "■ 

9 

1.398   .    .327 

1.284     -  .207 

.4360 

.3430 

24.80 

14  960 

32  830 

23  120 

50  700 

1.48 

18.50 

10 

1.404    ■    .330 

1.322  .■    .288 

.4630 

.3800 

17.50 

15  180 

32  760 

22  700 

49  0D0 

1,13 

14.00 

■ 

Web.  1 

"                showing  crop  end. 

•• 

11 

1.399  ,-,  .333 

1.265    .    .270 

.4660 

.3520 

24.40 

16  430 

35  360 

24  530 

52  650 

1.81 

22.70 

• 

Flanae.  1 

clean  and  compact. 

12 

" 

1.000   ■'  .326 

1.416    •    .276 

.4890 

.3910 

20.00 

16  850 

34  460 

23  880 

48  800 

0.90 

11.30 

• 

Web.  i 

"                 shows  cinder  flaw. 

•• 

13 

" 

1.492  ^    .325 

1.410   •    .280 

.4850 

.3950 

18.60 

16  870 

34  790 

24  780 

61  100 

1.20 

15.00 

Flange. ) 

"               clean  and  compact. 

•■  18. 

14 

*' 

1.492    •    .330 

1.407  ;■    .384 

.4920 

.4000 

18.70 

16  970 

34  490 

24  740 

50  3110 

1.13 

14.10 

Web.  1 

"               broUe  iu  grips. 

" 

15 

1.498  ^    .335 

1.370    .    .280 

.5020 

.3840 

23.10 

17  300 

34  4.50 

25  470 

50  730 

1.72 

21.50 

Flange.  ( 

"                clean  and  compact. 

'* 

16 

1.502    .    .326 

1  438   ..;  .290 

.4960 

.4170 

15.00 

16  870 

34  400 

24  950 

60  900 

1.12 

14.00 

Web.  i 

'*                brclie  in  grips. 

" 

17 

" 

1.497  >    .333 

1.384  X  -280 

.4990 

.3870 

22.50 

17  140 

34  100 

25  140 

50  400 

1.30 

16.50 

• 

Flange. ) 

"                clean  and  compact. 

" 

18 

1.491  V   .3;)i 

1.376  X  .275 

.4940 

.3780 

23.50 

16  870 

34  180 

25  260 

61  180 

1.61 

20.10 

• 

" 

19 

*' 

1.455  X  .353 

1.317  X  .261 

.4870 

.3440 

29.50 

15  210 

31230 

•23  900 

49  060 

1.64 

19.25 

• 

1 

<•                             i< 

" 

20 

1.480  X  .337 

1.380  X  .281 

.4990 

.3880 

22.20 

15  960 

32  000 

24  520 

49  120 

1.28 

16.00 

Web.  ( 

**                             •* 

** 

21 

'* 

1.370  X  .324 

1.262  X  .274 

.4440 

.3.560 

20.00 

15  340 

34  300 

23  680 

S3  300 

1.40 

17.60 

' 

"                             " 

" 

22 

*' 

1.354  X  .330 

1.245  X  .279 

.4470 

.3470 

22.30 

14  570 

32  6110 

23  250 

52  000 

1.48 

18.50 

*' 

'* 

April     9. 

23 

3  X  2i  \  /c  Z 

1.392  >■  .330 

1.293  X  .265 

.4694 

.3427 

25.00 

15  420 

33  570 

21  6.50 

47  130 

0.85 

11.00 

Rejected. 

Flange. 

short  and  bad. 

•H 

1.383  V  .333 

1.258  V  .273 

.4605 

.3434 

25.00 

16  750 

36  380 

24  380 

52  940 

1.66 

20.75 

Accepted. 

clean  and  compact. 

25 

1.370  V  .1)34 

1.244  X  -277 

.4.576 

.3446 

25.00 

14  970 

32  720 

23  240 

50  790 

1.66 

20.75 

" 

'«                             «. 

26 

1.456  x-  .321 

1.353  V  .263 

.4674 

.3558 

24.00 

16  780 

35  900 

25  630 

54  820 

1.32 

19.00 

" 

Web. 

"                             '• 

27 

*' 

1.4H0  -■  .322 

1.361  X  .263 

.4701 

.3.580 

24.00 

16  400 

34  890 

24  770 

62  700 

1.26 

16.00 

*< 

"  13. 

28 

" 

1.483  x    .320 

1.367  X  .266 

.4746 

.3036 

23.00 

15  800 

33  290 

23  240 

48  970 

0.89 

11.00 

Rejected. 

Fracture,  unwelded,  dirty. 

29 

" 

1.490   .    .340 

1.340    ■-  .280 

.5066 

.3752 

26.00 

18  240 

36  010 

26  250 

51  820 

1.59 

20.00 

Accepted. 

Flange. 

Fracture.  Hbrous,  clean  and  compact. 

30 

1.430   ■    .337 

1.332    ■    .280 

.4819 

.3729 

23.00 

16  340 

33  910 

23  920 

49  640 

0.96 

12.00 

' 

May    11. 

31     j 

1.421    .    .322 

1.335    .    .275 

.4576 

.3071 

20.00 

15  450 

33  770 

22  440 

49  040 

0.89 

12.00 

' 

Web. 

(1                             ti 

32 

1.373   ^    .349 

1.251  .    .296 

.4792 

.3703 

23.00 

16  700 

34  850 

24  720 

61  920 

1.44 

18.00 

■ 

Flange. 

" 

33     1 

" 

1.400  -.-  .334 

1.237  .,    .275 

.4670 

.3402 

27.00 

15  7.50 

33  fiSO 

23  730 

50  7.50 

1.01 

20.00 

"                             '* 

34     ; 

" 

1.369  ■<  .329 

1.238  >    .265 

.4504 

.3281 

27.00 

15  930 

35  370 

23  220 

61  550 

1.56 

20.00 

" 

35 

1.376  X  .315 

1.275  X  .262 

.4334 

.3341 

23.00 

14  160 

32  070 

20  040 

46  240 

0.91 

11.00 

Rejected. 

Web. 

short,  bad  flaw. 

\ 

36 
37 

1.375  X  .324 

1.297  X  .283 

.4455 

.3670 

18.00 

13  260 

34  250 

21  620 

49  000 

1.00 

12.60 

Accepted. 

•' 

"                clean  and  compact. 

1.346  X  .319 

1.262  X  .272 

.4294 

.3433 

20.00 

14  680 

34  190 

20  910 

49  000 

1.C4 

13.00 

" 

'* 

"                             •* 

38 

" 

1.458  X  .315 

1.359  X  .264 

.4593 

.3588 

23.00 

15  070 

32  810 

22  720 

49  470 

1.25 

16.00 

Note.— Bending  tests  and  nicking  tests  made,  one  each  for  every  tension  test,  and  they  were  found  very  satisfactory. 
Brackets  to  right  of  sheet  connecting  any  two  tests,  as  for  instance  tests  Nos.  19  and  20,  indicate  that  these  specimens 
were  cut  from  same  piece  of  Z,  one  from  the  flange  and  one  from  the  stem  or  web. 
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TEST    OF    A    WROUGHT    IRON    DOUBLE    TRACK 
FLOOR  BEAM. 


By  Alfred  P.  Boller,  M.  Am.  Soc.  C.  E. 
Read  November  16th,  1887. 


WITH  DISCUSSION. 


Testing  to  rupture  actual  bridge  members  is  always  a  matter  of  great 
scientific  interest,  and  while  the  record  is  quite  extensive  in  eye-bars, 
posts,  or  small  parts,  the  great  cost,  time  and  inconvenience  of  handling 
heavy  girders,  has  prevented  experiment  in  that  direction.  In  fact, 
the  writer  is  unaware  of  any  experiment  upon  compound  riveted  beams, 
on  a  large  scale,  as  actually  used,  until  the  experiment  recorded  below 
was  made,  under  his  supervision. 

The  beam  was  an  exact  duplicate  of  those  in  use  on  a  l)ridge,  about 
which  more  or  less  controversy  had  arisen,  and  to  settle  the  different 
views  of  "  experts  "as  to  their  practical  safety,  the  company  ordered  a 
test  made  under,  as  near  as  possible,  actual  conditions  of  attachment  and 
loading.  Plates  XXXVI  and  XXXVII  show  the  form  and  proportion  of 
the  beam,  and  connection  with  the  posts,  together  with  the  po.sition  of 
the  track  stringers.  The  actual  static  loads  to  which  the  beam  could  be 
subjected  by  the  heaviest  engines  in  use  on  the   road,  with  weight  of 
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floor  is  40  000  pounds  at    eacli   stringer  bearing.      The   strains   com- 
puted therefrom  1  jeing  as  follows : 

Flange  strains  at  m  3  800  pounds  per  square  inch. 
"  "  a  5  700  " 

"  b  6  400 
Shear  strains  in  web  between  a  and  h,  2  600  pounds  per  square  inch. 
"  "         between  « and  end. 

8  000  pounds  jjer  square  inch,  at  least  sec- 
tion,   or  where  web  is   2   feet   four  inches 
deep,  or  42  diameters  lietween  angle-iron. 
Eivets.  — All  rivets  i  inches  diameter  or  j;^^  when  driven  to  fill 
holes — area  of  section  0.6  square  inches,  bearing  area  diameter 
X  -«-  plate=0.35  sqiiare  inches,  and  for  ^-inch  plate  0.47  square 
inches. 

Post  attachment  considering 
all  the  26  rivets  doing  duty, 
yields  rivet  strain  as  follows, 

in  shear  (single) 5  000  pounds  per  square  inch. 

and  bearing  area  (^-inch  plate,)  6  600  "  " 

Connection  of  f  web  to  Flange  Angles: 

Taking  the  40  rivets  between  ends  of  girder  and  second 
stringer,  the  horizontal  strain  difference  is  162  000  jjonnds, 
the  rivets  being  strained  3  400  pounds  per  square  inch  double 
shear,  and  11  600  pounds  per  square  inch  bearing  area. 

Taking  distance  from  ends  to  first  stringer,  the  horizontal 
strain  difference  is  105  000  pounds — yielding  on  20  rivets. 
4  200  pounds  per  square  inch  doul)le  shear,  and  15  000 
pounds  i^er  square  inch  l)earing  area. 

Taking  a  short  distance  of  two  feet  from  ends,  the  hori- 
zontal strain  is  70  000  pounds  on  10  rivets,  giving  5  800 
pounds  per  square  inch  double  shear,  and  20  000  pounds  per 
square  inch  bearing  area. 

In  these  girders,  the  weakness  feared  was  in  the  end  flange  riveting 
and  shear  in  end  web,  and  caused  the  test  recorded  below. 

The  test  was  recently  made  at  the  works  of  the  Keystone  Bridge 
Company,  by  means  of  hydraulic  power  applied  at  stringer  points;  con- 
venience made  it  necessary  to  make  the  test  with  the  beam  blocked  up 
horizontally  on  the  ground,  so  that  the  weight  of  the  l)eam  is  necessarily 
neglected.  The  beam  was  connected  with  a  pair  of  posts,  precisely  as 
in  the  actual  structure,  between  which  an  additional  girder  was  framed 
as  a  reaction  l)ase  for  the  rams.  Plate  XXXVII  s.hows  the  general 
arrangements.  The  hydraulic  power  was  derived  from  the  testing 
machine  plant  of  the  Keystone  establishment,  and  the  deflections 
measiired  from  a  fine  wire  parallel  to  lower  flange,  ;:nd  about  3  inches 
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therefrom.     The  diameter  of   the    rams  was   10   inches.    (Area    78.51 
inches.)     The  record  was  as  follows : 


Deflections. 

Gauge  Reading. 

Load  on  each  Ram. 

6.                   6-. 

Total  Load. 

565 

44  375  pounds. 

1  inch.    1^  inch. 

177  500  pounds, 

1  130 

88  750 

10                     16 

355  000 

1412 

110  900 

8                            8 

443  600 

No 

13ermanent  set  in 

above. 

1695 

133  125  pounds. 

Uncertain. 

532  500 

Permanent  set  scant 

aV  of  an  inch. 

1980 

155  500 

Not  recorded. 

622  000 

Permanent  set  -3V  of  an  inch. 
2  080 — Failure  commenced  through  giving  way 
of     angle -irons    lieginning    in  a   fine 
seam 


653  500 


— at  first  bend  in  lower  flange,  from  end  support,  the  seam  being  along 
the  root  of  the  angle,  which  continual  pressure  tore  apart  across  the 
a,ngle  as  shown,  when  the  web  commenced  to  tear  like  a  sheet  of  paj)er, 
in  direction  and  manner  as  exhibited  on  Plate  XXXVIII  herewith  (from 
photograph).  From  some  cause,  not  apparent,  the  deflections  were  not 
similar  at  the  symmetrical  end  rams  (a),  the  point  where  the  web  failed 
(left  side)  being  sharply  deflected.  While  the  angles  showed  root 
fracture  at  the  oj)posite  point,  the  web  did  not  fail  or  show  indications 
of  so  doing,  the  deflection  being  on  an  easy  curve.  With  the  extreme 
yielding  of  the  lower  flange  angles,  the  angle  brackets  connecting  girder 
with  posts,  commenced  to  go,  tearing  likewise  along  the  root,  and 
stripping  the  heads  from  the  extreme  upper  rivets  as  shown.  The 
internal  diaphragm  connecting  the  channel  sides  of  the  posts,  was  un- 
affected. 

The  rivets  connecting  the  ruptured  flange  with  web  appeared  as  per- 
fect as  when  driven,  and  no  indication  was  disclosed,  as  far  as  it  was 
possible  to  tell,  of  the  holes  in  the  web  elongating,  or  any  upsetting 
of  bearing  surface.  There  is  no  telling  what  the  web  and  rivets 
would  have  borne,  had  not  the  solid  angle-irons  given  way,  at  the  first 
bend. 

It  is  to  be  noted  that  flange  i^late,  with  leg  of  angle  attached  thereto, 
was  intact,  showing  no  indication  of  rupture. 
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Discussion. — Taking  that  stage  of  the  experiment  when  a  permanent 
set  was  first  noted,  viz. :  3^2  of  an  inch,  the  recorded  load  was  532  500 
pounds,  or  as  near  as  may  be  3y  times  the  basis  on  which  the  calcula- 
tions in  the  first  part  of  this  paper  were  made  (40  000  pounds  on  each 
stringer  or  160  000  pounds  total).  Applying  this  ratio  to  the  preceding 
comiDutations,  the  iron  would  be  api^arently  strained  as  follows : 

(aim 3  800  x  3i^  =  12  600  pounds  per  square  inch . 

Flanges  •<       a 5  700  x    "=19  000 

(       h 6400  X    "  =21200 

^  ,   J  between  a  and  6.  .2  600  X    "  =    8  700 

"^   "  I  least  section 8  000  x    "=26  600 

I' Post  attachment, 

I  bearing  area 6600  x    "=22000  "  " 

I  double  shear 5  000  X    "=16600  "  " 

Rivets -{  Web  and  flange  con- 
I   nections  end  rivets, 

I  bearing  area 20  000  x    "=66  600 

[doubleshear 5  800  x    "=19  300 

When  failure  in  angles  was  first  noted,  the  recorded  load  was 
653  500  pounds,  or  slightly  more  than  four  times  the  computed  basis  of 
load,  which  would  increase  the  above  strains  about  one-fifth,  giving  a 
calculated  flange  strain  when  angle  failed  of  some  15  000  pounds  per 
square  inch — and  bearing  area  strain  on  end  flange  and  web  rivets  about 
80  000  i^ounds  per  square  inch — neither  of  which  could  jjossibly  be  true, 
or  the  web  would  have  torn  out  from  the  rivets,  and  the  flanges  be  per- 
fectly sound,  well  within  elastic  limits,  although  in  the  last  case  it  is  to 
be  noted  that  the  horizontal  table  of  the  flange  was  jDerfectly  sound,  the 
flange  failure  commencing  primarily  with  a  long  split  along  the  weld  of 
the  angle-iron  root,  throwing  the  whole  flange  duty  upon  the  vertical  legs 
of  the  angle-irons  when  a  mixture  strain  was  quickly  reached.  Had  the 
angles  been  rolled  from  a  solid  ingot,  or  on  the  German  method  of 
developing  from  a  flat,  instead  of  from  the  ordinary  welded  pile,  the 
strength  of  this  beam  would  have  been  largely  increased.  The  prime 
weakness  in  the  beam  was  due  therefore  to  the  mode  of  manufacturing 
the  angle-irons,  which  were  weak  along  the  weld  at  the  root.  This  was 
also  shown  in  the  end  bracket  angles  uniting  the  beam  to  the  posts. 

The  exiJeriment  further  shows  that  a  plate  web  is  an  exceedingly  stifi' 
member,  much  stilfer  than  is  commonly  supposed,  all  formula  for  propor- 
tioning the  same  being  utterly  in  the  fog,  the  dicta  of  one  expert  being 
about  as  good  as  that  of  another.  It  demonstrates  that  the  customary 
method  of  proportioning  rivets,  viz. ,  the  horizontal  component  between 
any  two  given  points,  divided  by  allowable  bearing  pressure  per  square 
inch  equals  number  of  rivets  required,  is  not  true,  and  that  the  friction 
due  to  power  riveting  has  enormous  vahie. 

This  beam  was  reported  to  the  company  interested  as  practicably 
safe  by  the  writer,  on  general  considerations,  before  the  experiment 
was  made,  and  the  opinion  reaffirmed  after  the  experiment. 
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DISCUSSION. 

George  Devin,  M.  Am.  Soe.  C.  E. — Reviewing  the  subject  discussed 
in  the  interesting  jjaper  so  kindly  submitted  to  the  Society  by  Mr. 
Boiler,  I  find  that  the  results  are  entirely  in  harmony  with  well  under- 
stood and  accepted  principles  in  mechanics  and  that  the  strength  of 
materials  developed  in  the  test  coincides  with  the  results  prescribed  in 
our  every-day  engineering  practice. 

I  would  quote  the  usual  speeifieation  for  the  strength  of  material 
under  the  various  conditions  here  brought  into  play : 

Pounds  per  Square  Inch. 
Ultimate  strength  in  the  direction  of  the  grain 

of  plate  and  angle 45  000  to  48  000 

Strength  across  the  grain 32  000  to  40  000 

The  crushing  strength  of  wrought-iron  in 
short  lengths  or  in  partly  confined  sec- 
tions applicable  to  rivet  bearings 60  000  to  70  000 

Shearing  strength  of  plate  iron 40  000 

Shearing  strength  of  iron  rivets 40  000  to  42  000 

Where  diagram  and  original  data  is  called  for  in  this  article,  reference 
is  made  to  the  original  drawing  (Plates  XXXVI  and  XXXVII)  and 
the  data  given  in  Mr.  Boiler's  pajaer. 

It  is  the  usual  jaractice  in  proisortioniug  plate  girders  to  assume  that 
the  bending  or  chord  stresses  are  resisted  entirely  by  the  flanges  and 
the  shearing  or  web  stresses  as  i*esisted  entirely  by  the  web.  Strictly 
siseaking,  this  assumption  is  not  true.  The  result  of  our  proportions 
as  usually  made  being  a  slight  surplus  in  the  material  available  for  flange 
duty.  Accurately  considered,  one-sixth  of  the  web  is  available  for  and 
•does  flange  duty.  Wishing  to  examine  as  accurately  as  possilile  the 
conditions  of  stress  in  the  girder  under  consideration,  we  will  take  into 
account  the  resistance  to  bending  available  in  the  web. 

Since  in  built  girders  formed  of  jslates  and  angles,  as  in  this  case, 
the  only  stress  on  the  flange  comes  through  the  connection  of  the  web 
to  the  flange,  we  may  properly  take  the  efficiency  of  the  connection  as 
the  available  flange  section  (assuming  that  the  flange  is  equal  to  or  in 
excess  of  the  connection). 

Referring  to  the  data  given  in  the  experiment,  we  have  as  the  end 
reaction  at  the  instant  of  failure,  326  000  pounds,  and  the  resulting  hori- 
zontal or  chord  stress  at  the  point  m  =  284  000  pounds  to  be  resisted  by 
the  rivet  connection  plus  so  much  of  the  web  as  is  available  for  flange 
duty.  That  is,  the  bearing  section  of  ten  yf-inch  rivets  on  f-inch  plate 
=  3.5  square  inch  plus  one-sixth  of  the  web  plate  whose  net  section  is 
26  inches  X  |-inch  ^1.6  square  inches,  giving  us  a  total  section  of  a 
little  more  than  5  square  inches.  Then  we  have  as  the  stress  imposed  per 
unit  on  the  available  section  -s^^^.^^Ji  pounds  =  56800  per  square  inch. 
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Under  the  foregoing  assumption,  this  then  is  the  stress  imposed 
alike  on  the  rivet-bearing  and  on  the  web  section  available  for  flange 
duty.  This  is  true  for  the  compression  flange  when  the  bearing 
capacity  of  the  rivet  and  the  web  jslate  is  the  same. 

Considering  now  the  tension  flange  or  the  lower  chord  at  the  point 
m,  we  have  from  our  previous  deduction  the  section  of  the  flange  ma- 
terial proper  made  available  for  duty  by  means  of  the  strength  of  the 
rivet  connection,  3^  square  inches  out  of  a  total  section  at  that  point  of 
18i  square  inches. 

Draw  a  line  from  the  bottom  edge  of  the  girder  at  the  end,  to  the 
bend  near  the  point  a,  to  represent  the  direction  which  the  line  of  stress 
in  this  lower  flange  endeavors  to  take  between  these  two  points. 

Through  the  reverse  bend  at  the  point  m,  draw  a  line  perpendicular 
to  this  line,  and  call  this  the  normal  to  the  assumed  line  of  stress. 
Knowing  the  horizontal  stress  in  the  flange  between  the  end  and  the 
point  m,  we  deduce  the  stress  in  the  direction  of  the  normal  which  is 
developed  by  the  horizontal  stress.  By  calculation  we  determine  the 
normal  stress  in  this  case  to  be  150  000  pounds.  Now,  this  stress  is 
theoretically  applied  at  the  point  of  the  bend.  Practically  from  the 
shajDC  of  the  flange  at  this  iDoint  it  must  initially  be  distributed  over  a 
very  short  distance.  Let  us  assume  that  it  may  be  distributed  over  as 
much  as  4  inches  of  distance  along  the  flange. 

The  material  to  resist  this  normal  stress  is  mainly  the  section  through 
the  vertical  leg  of  the  6  inches  by  6  feet  by  ^-inch  angles  of  the  angle 
at  the  root — this  would  give  us  as  the  resisting  section  4  inches  by  1- 
inch  across  the  grain  of  the  material  to  resist  150  000  i^ounds,  or  a  stress 
of  37  500  pounds  per  square  inch,  the  ultimate  strength  of  material 
under  such  conditions. 

Assuming  that  this  stress  commences  to  j^art  the  vertical  from  the 
horizontal  leg  of  the  angle,  we  see  that  at  the  instant  the  part  com- 
mences, we  have  at  this  point  only  the  section  of  the  vertical  leg  of  the 
angle  remaining  as  flange  material  proper,  whose  net  section  is  about 
5  square  inches. 

Now,  at  this  point  the  material  being  imder  tension,  and  the  bearing 
strength  of  the  rivet  connection  being  superior  to  the  tensile  strength  of 
the  material,  we  shall  have  an  increase  of  stress  on  the  bearing  sec- 
tion of  the  rivets  until  the  tension  stress  is  uniformly  distributed  over 
all  the  material  available  for  tension,  or  until  failure  occurs  in  the 
bearings. 

In  other  words,  we  have  as  the  material  available  for  tension  the 
material  in  the  vertical  leg  of  the  flange  angles  =  5  square  inches 
plus  one-sixtli  of  the  web  section  =  Ij  square  inches;  total,  6 J 
square  inches  to  resist  the  horizontal  stress  at  this  point,  284 
000  pounds,  or  43  700  pounds  per  square  inch,  which  is  a  fair  aver- 
age ultimate  strength  of  plate  and  angle  in  the  direction  of  the  grain. 
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The  bearing  stress  on  the  rivets  in  the  stress  transmitted  to  the  5  square 
inches  of  section  in  the  vertical  leg  of  the  angles  =  43  700  ponnds  X  5 
=  218  500  pounds  on  Sh  square  inches  of  bearing,  or  62  430  joounds  per 
square  inch,  which  is  about  the  usual  resistance  developed  under  such 
conditions.  Briefly  reviewing,  we  find  that  only  a  small  portion  of  the 
flange  section  at  the  point  of  rupture  (5  square  inches  out  of  17  square 
inches  net  section)  was  utilized  in  resisting  flange  stress,  and  that  the 
balance  was  lost  from  use  on  account  of  the  direction  given  to  the  flange 
in  the  design.  We  can  only  say  that  the  stress  on  the  web  plate  and  rivet 
connection  "was  close  to  the  breaking  limit  as  determined  by  such  experi- 
ments as  have  been  made  on  full-sized  built  girders  and  on  detail  pieces. 

Albert  Lucius,  M.  Am.  Soc.  C.  E. — The  fact  that  in  this  particular 
experiment  the  chord  angles  gave  way  at  a  comparatively  low  strain,  and 
that  the  web  and  the  riveting  stood  comparatively  such  high  strain,  has 
been  made  mora  of  than  is  warranted  by  this  very  inconclusive  exiieri- 
ment.  The  floor  beam  was  acknowledged  to  be  of  bad  shape,  and  under 
test  it  failed  at  the  bend  in  the  lower  chord,  near  the  end  of  the  beam, 
where  it  was  most  likely  that  it  would  fail,  and  it  stood  between  three 
and  four  times  as  much  load  as  it  was  exposed  to  in  service.  The  chord 
angles  gave  way  primarily  by  the  horizontal  flange  shearing  off"  from 
the  vertical  flange,  and  the  latter  and  the  web  then  broke.  This 
shearing  was  due  partly  to  the  shape  of  the  girder  and  the  sharp  bend 
and  off'set  so  near  the  end,  and  partly  it  may  have  been  due  to  a  flaw  in- 
duced by  the  bending,  or  originally  in  the  angles.  The  experiment 
sheds  no  light  on  this  question.  The  high  resistance  to  shearing  and 
buckling  in  a  shallow  and  stout  web,  and  the  high  resistance  of  riveting 
especially  done  for  a  test-piece  are  also  results  not  to  be  wondered  at. 

Chaeles  O.  Brown,  M.  Am.  Soc.  C.  E  — The  form  of  floor  beam 
under  discussion  is  one  that  bridge  engineers  dislike,  and  conse- 
quently try  to  avoid.  It  was  adopted  in  this  case  larobably  for  the 
purjDose  of  obtaining  increased  central  depth  without  encroaching 
upon  the  waterway.  Any  person  at  all  accustomed  to  looking  at  iron- 
work would  point  out  the  section  at  7h  (using  the  designations  uj^on 
Mr.  Boiler's  diagram)  as  the  weak  i^lace.  Here  the  louver  flange  is 
bent  and  the  strain  being  obliged  to  follow  the  bend,  cannot  do  so 
without  producing  a  down  imll  upon  the  web  and  a  tendency  to  sep- 
arate the  horizontal  flange  of  the  angle  from  the  vertical  flange,  and 
this  at  a  point  where  the  structure  of  the  angle  iron  has  been  weak- 
ened by  heating  and  bending.  It  is  a  well-known  fact  that  bending 
of  large  size  angles  will  frequently  cause  such  separation. 

With  a  new  bridge,  of  recent  construction,  there  should  be  no  dis- 
cussion as  to  whether  it  will  bear  the  trafiic  imposed.  The  existing 
standard  sjieciftcations  allow  an  ample  margin  for  safety,  and  the  ques- 
tion  in  this  case   is  simply  whether   the  design  of  these   floor  beams 
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comi)lies  with  such  standard  specifications.  There  is  no  need  of  any 
test;  analysis  of  strains  will  show  it. 

Taking  Mr.  Boiler's  figures  (without  adding  for  impact — allowing 
that  to  be  taken  care  of  by  the  low-w  orking  stresses  fixed  in  siiecifica- 
tions)  the  shearing  strain  in  end  section  of  web  plates  is  8  000  pounds 
per  square  inch.  This  would  be  twice  the  working  strain  allowed  by 
standard  specifications.  The  actual  strain  per  squai-e  inch,  after 
deducting  rivet  holes  is  9  500  pounds  or  2.4  times  the  working  stress. 
The  chord  strains  to  be  transmitted  from  m  through  ten  rivets  is 
80  000  pounds  or  8  000  pounds  per  rivet,  this  again  is  twice  the  working 
stress.  These  are  two  points  of  only  one-half  the  strength  that  a  good 
structure  should  have.  The  beam,  if  tested,  should  show  a  factor  of 
safety  of  seven,  or  it  should  stand  before  failure  a  test  load  of  1  120  000 
pounds.  It  did  resist,  according  to  record  of  test,  a  little  over  one-half 
that  load,  when  it  failed  at  a  place  which  theory  and  experience  points 
out  as  the  weakest. 

Mr.  Boiler's  deductions  from  the  experiment  are: 

First. — That  a  plate  web  is  an  exceedingly  stiff  member. 

Second. — That  our  method  of  proportioning  rivets  is  wrong. 

Third. — That  the  friction  due  to  jjower  riveting  has  enormous  value. 

These  statements,  if  intended  to  allay  the  fears  of  the  railroad 
officials  or  the  public,  with  reference  to  that  "  unsafe  floor  beam,"  will 
pass;  but  when  they  are  brought  before  the  Society,  I  wish  to  enter  my 
protest.  The  friction  is  too  uncertain  a  quantity  to  be  relied  upon,  and 
the  experiment  certainly  shows  nothing  that  would  warrant  an  increase 
of  working  strains  on  web  plates,  or  of  the  bearing  i^ressure  of  rivets. 

The  whole  discussion  shows  conclusively  that  the  knowledge  on  the 
subject  is  sufficiently  thorough,  and  that  our  standard  specifications  are 
safe.  So  that  by  the  exercise  of  due  care  and  vigilance  in  designing  and 
manufacturing  we  can  avoid  "  unsafe  floor  beams,"  and  unreliable  struct- 
ures in  general. 

Theodoee  Coopee,  M.  Am.  Sec.  C.  E. — The  author  having,  to  his 
own  satisfaction,  proved  that  the  acce^jted  jiractice  in  designing  j^late 
girders  is  all  wrong,  it  may  be  well  for  those  whose  experience  and 
observation  in  this  field  have  led  them  to  other  conclusions,  to  protest 
against  so  broad  a  claim  being  based  upon  a  crude  test  of  a  single 
girder,  even  should  an  analysis  of  this  single  test  hold  out  the  claims. 

There  is  hardly  a  single  fallacy  advanced  by  the  ignorant  pretenders 
in  the  science  of  engineering  that  has  not  been  supported  by  evidence 
even  stronger  than  that  presented  in  this  case. 

The  applicatioa  of  our  accepted  rules  for  designing  girders  does  not 
show  this  girder  to  be  a  dangerous  one  under  the  proposed  testing.  It 
does,  however,  show  that  the  girder  is  a  badly  proportioned  one. 

Does  this  test  prove  anything  more  than  this? 

The  true  measure  of  the  strength  of  a  girder  is  the  strength  of  its 
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middle  section,  and  a  properly  designed  girder  should  have  its  details 
so  i)roportioned  that  this  maximum  strength  can  be  realized. 

This  girder,  as  shown  by  the  author,  gave  way  by  rupture  of  the 
ends  before  the  center  flange  areas  were  strained  to  one-half  their  full 
strength,  showing  very  clearly  that  the  ends  which  should  have  been 
the  stronger,  had  only  half  the  needed  strength. 

I  think,  therefore,  we  may  conclude  from  this  test,  that  better  re- 
sults would  have  been  obtained  if  the  "accepted  practice  in  designing- 
plate  girders  "  had  been  applied  to  the  design  of  this  one.  Let  us  now 
examine  whether  the  test  has  proved  in  any  manner  that  our  theories  are 
wrong. 

In  proportioning  plate  girders  we  now  determine  the  number  of 
rivets  to  be  used,  upon  the  basis  of  the  theoretical  strains  in  each  part, 
with  certain  allowances  for  sheai'ing  strain  on  the  rivets  and  for  the 
bearing  or  crushing  area  of  the  web  plates. 

The  test  shows  that  the  rivets  have  not  sheared  nor  the  webs  been 
torn  out  in  the  manner  called  for  by  the  theory.  But  we  must  take 
other  things  into  consideration.  It  is  well  known  that  the  frictioual 
resistance  of  the  rivet  heads  is  very  large.  Mr.  Considere  found  by  a 
series  of  experiments  that  before  there  was  any  slipping  of  plates 
riveted  together  this  frictional  resistance  amounted,  on  an  average,  to 
18  000  pounds  per  square  inch  of  rivet  area,  and  that  it  amounted  to 
about  42000  pounds  per  square  inch  of  rivet  area  before  actual  rupture. 

English  and  American  practice  has  not  allowed  for  such  frictional 
resistance  in  proj^ortioning  the  rivets,  as  there  was  no  certainty  how 
long  it  would  continue  after  structures  were  subject  to  actual  service. 
The  general  practice  of  dei^ending  upon  the  shearing  resistance  and 
bearing  areas  and  not  on  this  uncertain  frictional  resistance,  has 
seemed  more  justifiable. 

This  girder,  made  especially  for  test,  was  not  likely  to  have  any 
defective  workmanship  in  its  construction.  The  frictional  resistance 
of  the  newly-driven  rivets  was  undoul:)tedly  high  and  prevented  the 
rivets  acting  either  by  shear  or  crushing. 

Does  a  girder  like  this,  fresh  from  the  workmen's  hands,  represent 
the  condition  of  a  similar  girder  which  has  been  hammered  over  for 
years  by  heavy  and  rapidly  moving  trains,  with  all  the  conditions  of 
good,  bad  and  indifferent  tracks  ? 

I  should  regret  to  find  that  any  one  had  accepted  the  conclusions  of 
the  author  that  "all  formulas  for  jaroportioning  plate  girders  are 
utterly  in  the  fog,"  and  "the  dicta  of  one  expert  is  as  good  as 
that  of  another." 

Kule  of  the  thumb  designing  may  be  good  enough  for  those  who 
are  loath  to  advance  beyond  their  early  practice. 

The  advances  that  have  been  made  in  recent  years  in  bridge  and 
girder  designing  have  been  due  to  the  better  consideration  of  the  pro- 
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portioning  of  the  details  and  a  crude  test  of  this  kind  'nill   hardly  be 
sufficient  to  convince  iis  that  we  are  all  wrong  and  "in  a  fog." 

William  H.  Burk,  jM.  Am.  Soc.  C.  E. — A  positive  determination  of  the 
causes  of  failure  of  this  beam  at  such  an  apparently  low  flange  stress  at 
m,  involves  a  much  clearer  knowledge  of  the  action  of  internal  stresses  in 
a  plate  girder  than  is  at  present  possessed.  If  the  ordinary  methods  of 
plate  girder  computation  be  assumed,  however,  as  does  Mr.  Boiler, 
some  very  significant  results  are  obtained. 

At  the  instant  of  failure  the  flange  stress  at  m  was  12  600  pounds  per 
square  inch  (presumed  to  be  on  total  area) .  The  total  sectional  area  of 
the  two  6  X  i-inch  horizontal  angle  legs  at  the  14  x  J-inch  cover  is  19 
square  inches,  which,  at  12  600  pounds  gives  a  force  of  239  400  pounds. 
This  force,  it  is  to  be  remembered,  does  not  pass  directly  into  the  in- 
clined portion  of  the  flange.  As  that  inclined  portion  makes  an  angle 
to  a  horizontal  line  whose  sine  is  0.537,  the  force  239  400  poumls  has  a 
comi^onent  normal  to  the  inclined  portion  of  the  flange  equal  to  239  400 
X  0.537  =  128  558  pounds.  This,  it  is  to  be  observed,  is  a  force  pulling 
normal  to  the  fibers  of  the  flange  angles  in  the  section  m,  and  is  concen- 
trated at  the  bend.  If  it  be  assumed  that  it  is  distributed  over  3  inches 
in  length  of  the  two  ^-inch  thick  vertical  legs,  this  normal  force  will 
produce  a  stress  j^er  square  inch  across  the  fiber  of  the  angle  of  128  558 
-f-  3  =  42  852  pounds,  which  is  about  sufficient  to  produce  exactly  the 
amount  and  kind  of  failui-e  that  took  place.  These  figures,  of  course, 
have  the  approximate  character  which  all  such  computations  i^ossess, 
but  no  more.  They  show  just  why  the  kind  of  failure  observed  took 
place,  although  the  quantitative  determination  could  not  accurately 
have  been  made  in  advance. 

In  connection  with  questions  of  this  kind  it  is  seldom  or  never  remem- 
bered that  every  rule  for  flexure  and  long  column  comparison  used  by 
the  engineer  in  his  daily  practice  is  only  loosely  approximate,  and, 
strictly  speaking,  not  properly  apiilicable.  They  can  only  be  correctly 
applied  to  beams  or  columns  whose  lengths  are  exceedingly  great  in  com- 
parison with  either  of  their  cross  dimensions;  as  they  are,  and  can  only  be 
established  in  the  theory  of  elasticity  in  solid  bodies  by  making  just 
those  assumptions.  These  rules  and  formulas,  of  course,  form  the  basis 
of  all  structural  computations  after  empirical  quantities,  determined  by 
such  experiments  and  tests  as  that  under  consideration,  are  introduced 
in  them,  but  are  essintially  valueless  for  practical  j^urposes  until  that  is 
done.  The  author  is  not  far  wrong,  therefore,  in  stating  that  theory 
apjilied  to  such  beams  leads  to  very  foggy  results.  Nor  is  it  easy  to  over- 
estimate the  value  of  such  tests  as  this,  for  by  such  means  only  can  the 
"  fog"  be  dissipated. 

After  a  careful  consideration  of  the  results  of  this  test,  I  cannot  fiiul 
the  evidence  of  the  rivet  friction  which  the  author  of  the  pajier  and 
others  believe  they  find. 
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Alfred  P.  Boller,  M.  Am,  Soc.  C.  E. — While  admitting  the  force 
of  the  various  comments  made  upon  this  experimental  girder,  which  we 
all  agree  was  of  a  very  bad  shape,  due  to  the  bend  in  the  lower  flange 
near  the  ends,  all  criticisms  that  had  been  passed  upon  it,  selected  the 
end  web  with  the  connecting  rivets  as  the  weakest  part,  thus  determin- 
ing the  strength  of  the  beam.  This  on  theoretical  considerations.  The 
fact  that  the  beam  failed  entirely  in  the  flange  under  a  computed  strain 
(reaction,  by  distance,  divided  by  depth)  comparatively  low,  before  the 
web  was  affected  with  its  connecting  rivets,  is  hardly  an  harmonious 
agreement  between  theory  and  practice,  and  while  perhaps  characteriz- 
ing beam  formulas  as  being  "  all  in  a  fog"  is  rather  an  extreme  statement, 
it  would  seem  in  this  particular  case,  the  result  of  the  experiment 
showed  a  wide  gap  between  theoretical  prophesy  and  actual  fact.  Nor 
will  it  do  to  brush  the  experiment  to  one  side  as  being  "  crude"  and  of 
no  importance.  It  was  an  actual  beam  destroyed  under  pressure,  under 
as  fair  conditions  as  it  is  possible  to  have — pressures  applied  by 
hydraulic  i^ower  furnished  from  the  testing  apparatus  of  one  of  our 
greatest  bridge  works — anel  while  one  may  quarrel  with  gauge  readings 
and  absolute  values,  the  relations  of  the  behavior  of  the  several  parts  of 
the  girder  are  very  clearly  recorded.  Mr.  Devin  very  ingenioiisly 
shows  a  computation  that  fairly  well  fits  the  experiment  after  the 
angle  irons  had  split  along  the  "root,"  when  the  tension  flange  became 
Ijractically  of  very  small  area;  but  what  mode  of  computation,  or  what 
theory  could  forecast  the  behavior  of  that  beam  had  the  flange  held 
solid  beyond  an  approximation  based  upon  assumptions.  The  theory 
of  beams  and  their  flexure  is  probably  as  p3rfect  as  it  ever  can  be,  but, 
as  applied  to  practice,  so  many  physical  and  constructive  elements  come 
in,  that  results  at  best  can  be  but  approximations,  never  exact,  involving 
the  exercise  of  sound  judgment  quite  as  much  as  refined  analysis. 
There  is  no  question,  that  generally  the  modern  methods  of  designings 
and  detailing  girder  work  are  a  vast  improvement  over  even  comparatively" 
recent  practice,  and  are  all  that  can  be  desired  so  far  as  safety  is  con- 
cerned, but  we  must  not  forget  that  such  work,  in  the  nature  of  things, 
is  far  from  theoretical  perfection,  and  should  not  be  used  as  a  basis  of  con- 
demnation of  earlier  executed  work  without  very  thoughtful  considera- 
tion. AVere  theory  perfectly  ai^plied  in  jjractice,  there  should  not  be  much 
difl"ereuce  of  oi^inion  among  expert  engineers.  But  there  are  many 
questions  that  must  be  settled  on  jjure  judgment,  and  here  the  dictum 
of  one  expert  may  be  just  as  sound  as  that  of  another.  Too  great  a  de- 
votion to  figures  may  insensibly  affect  the  judgment,  by  accustoming 
the  mind  to  a  dogmatic  confidence  in  theoretical  conclusions,  which, 
while  possibly  well  enough  in  new  work,  becomes  a  serious  matter  when 
applied  to  work  of  the  jjast — as  fully  illustrated  by  the  test  and  com- 
ments on  this  beam. 
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SYPHONS  OF  THE  KANSAS  CITY  WATER  WORKS. 
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WITH  DISCUSSION. 


The  first  Avater  supply  for  the  Kansas  City  Water  Works  ^vas  drawn 
from  the  Kansas  Kiver,  one  and-a-half  miles  from  its  junction  with  the 
Missouri;  at  this  i^lace  the  state  line  is  700  feet  east  of  the  river,  the  pro- 
posed location  of  the  works  being  in  Kansas. 

The  Water  Commissioners  fearing  complication  from  this,  desired 
the  pumping  station  to  be  placed  in  Missouri  if  practicable.  The 
nearest  available  location  where  drainage  could  be  had  for  the  settling 
basins  was  a  quarter  of  a  mile,  and  the  conditions  such  that  a  syphon 
was  the  only  available  means  of  reaching  the  pumping  station.  The 
soil  is  a  sandy  alluvium,  surface  28  feet  above  low  water;  about  half  of 
the  depth  can  be  excavated  readily;  the  lower  part,  when  dug  into, 
shows  decided  characteristics  of  quick  sand,  making  a  deep  trench  both 
difficult  and  dangerous. 

A  trench  low  enough  to  insure  adequate  flow  at  low  water  was  im- 
practicable; a  syphon  to  be  safe,  must  be  tight,  and  to  insure  this,  it 
must  be  reasonably  accessible. 

*  These  were  shown  in  a  description  of  tlie  Kansas  City  Water  Works,  in  "  Engineering 
News,"  November,  1887.    The  writer  has  been  requested  to  give  a  fuller  description. 
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The  trench  was  dug  13  feet  dee])  at  the  pumping  station,  15  feet 
near  the  river,  descending  by  an  easy  vertical  curve;  the  pipe,  24:-inch 
cast-iron,  with  ordinary  lead  joints,  was  laid  with  care  as  to  grade,  so 
that  no  air  pockets  should  exist,  rising  all  the  way  to  the  well,  where  it 
joins  a  vertical  pipe  by  a  tee,  with  well-rounded  angles;  the  top  of  this 
vertical  pipe  rises  6  feet  above  the  syphon,  forming  a  vacuum  chamber; 
the  bottom  reaches  within  18  inches  of  the  bottom  of  the  well,  which  is 
7  feet  below  low  water  in  the  river,  giving  an  available  slope  of  5  feet  at 
extreme  low  water;  there  are  no  bends  iu  the  line,  except  such  easy  curves 
as  could  be  laid  Avith  straight  pipe;  its  deUveryis  ten  millions  of  gallons 
in  twenty-four  hours,  with  a  frictional  resistance  of  22  feet  per  mile,  or 
4.16  feet  per  thousand. 

During  high  water,  the  syphon  being  practically  submerged,  acts  as 
a  conduit,  and  is  controlled  by  a  valve  at  the  ^jumping  station.  It  was 
carefully  tested  as  to  tightness  before  filling  the  trench,  but  it  was  found 
necessary  to  maintain  the  vacuum  by  an  air  pump  attached  to  one  of 
the  engines.  This  was  3-inch  bore,  12-inch  stroke,  making  18  to  24 
strokes  per  minute,  suflScient  at  first,  but  within  a  year  it  became 
necessary  to  aid  it  by  a  pipe  to  one  of  the  condensers.  After  some  five  or 
six  years  run  the  air  leakage  made  a  reduction  in  the  vacuum  in  the 
condenser;  the  pipe  was  then  dug  down  to  and  the  joints  recaulked, 
recovering  its  original  tightness;  a  larger  air  pump  was  also  j^ut  in.  In 
the  twelve  years  of  its  run,  the  syphon  has  never  failed,  and  the  only 
expense  attending  its  use,  aside  from  the  working  of  the  air  pump, 
which  being  attached  to  the  machinery  makes  no  appreciable  labor  or 
cost  of  maintainance,  is  the  recaulking  of  the  joints,  which  was  expen- 
sive on  account  of  the  depth  of  the  digging  required  to  reach  them. 

At  Quindaro,  the  new  pumping  station  on  the  Missouri,  it  again 
became  desirable  to  go  away  from  the  river  for  safety.  There  the 
syphon  is  730  feet  long,  42  inches  in  diameter,  cast-iron,  lead  joints, 
bottom  of  pipe  trench  so  soft  that  it  had  to  be  planked  to  preserve  the 
alignment  of  the  pipe.  A  steam  ejector  is  used  to  maintain  the  vacuum. 
At  present  the  pipe  is  so  tight  that  it  requires  but  a  few  minutes  use 
daily,  a  vacuum  guage  being  placed  in  the  engine  room  for  the  engineers 
guidance.  Kise  of  syphon  (center)  10  feet.  The  pumping  engines  at  this 
station  have  a  capacity  of  one  million  gallons  per  hour,  not  enough  to 
test  this  syphon  to  anything  like  its  full  capacity,  which  is  probably  over 
50  millions  per  day — having  an  available  slope  of  12  feet  per  thousand. 


132  PEARSONS    OX    KANSAS    CITY   SYPHONS. 

The  use  of  the  first  syphon  showed  that  while  absolntely  air  tight 
there  was  still  a  sensible  amount  of  air  constantly  removed  by  the  air 
pump,  showing  that  it  was  dissociated  from  the  water;  the  writer  had 
no  means  of  making  quantitative  tests,  but  from  observation  saw  that 
the  amount  of  air  varied  sensibly  in  accordance  with  the  amount  of 
^vater  flowing  through  the  pipe,  and  that  with  the  fall  lift  of  16  feet  the 
dissociation  was  much  greater  than  with  less  lifts — seemingly  greater 
than  the  difference. 

The  use  of  these  syphons  show  that  they  can  be  safely  depended  on  in 
places  where  it  is  difficult  to  lay  conduits  low  enough  for  direct  gravity 
flow,  and  that  the  receiving  well  which  they  require  is  a  safe-guard  to 
the  syphon  in  avoiding  pulsation  or  shocks,  which  would  tend  to  pro- 
duce air  leaks  in  the  joints,  and  insures  the  pumps  against  unequal  or 
undesirable  admission  of  air  as  well  as  against  the  water  ram  incident  to 
a  long  suction  pipe. 


DISCUSSION. 


A  Membee. — I  want  to  ask  Mr.  Pearsons  whether  the  removal  of  the 
air  from  the  water  makes  the  Avater  unhealthy? 

Mr.  Peaesons. — It  dees  not  appear  to  me  that  there  is  a  siafiicient 
amount  of  air  withdrawn  from  the  water  in  its  passage  through  a  quarter 
or  an  eight  of  a  mile  of  vacvium  line  to  make  any  difference.  Besides 
the  air  thus  Avithdrawn  would  be  very  soon  restored  in  the  storage 
basin. 

I  would  say,  with  regard  to  aeration,  that  when  the  water  was  pass- 
ing under  the  ice  of  the  Missouri  River,  aeration  was  beneficial,  but  that 
after  the  river  was  entirely  open  aud  free  from  ice,  I  could  not  find  that 
aeration  did  any  further  good. 

C.  B.  Beush,  M.  Am.  Soc.  C.  E. — Was  there  any  smell  or  taste 
developed  in  that  water  during  the  summer? 

Mr.  Peaesons. — In  the  upper  reservoir,  where  the  water  stood  still 
for  a  long  time,  there  was  something  of  that  sort.  In  our  lower  basin 
we  do  not  have  anything  of  the  kind,  because  the  water  stands  in  it  but 
a  few  days. 

Mr.  Beush. — For  how  long  a  time  was  this  storage? 

Mr.  Peaesons. — About  a  week  in  the  lower  basin. 
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THE    YENTURI    WATER    METER 


DISCUSSION  ON  PAPER  No.  371. 
By  Clemens  Hekschel,  M.  Am.  Soc.  C.  E. 

Since  the  experiments  of  1887,  and  since  October  and  ]|December, 
1887,  wlien  the  original  paper  upon  the  "  Venturi  Water  Meter  "  was 
written  for  and  read  before  the  Society,  the  meter  has  made  rapid  prog- 
ress. At  the  j)reseut  time  it  constitutes  the  introduction  of  a  new  and 
pregnant  principle  into  the  art  of  gauging  fluids,  such  as  water  and  other 
liquids,  also  steam,  compressed  air,  fuel  or  illuminating  gas,  and  other 
gases.  The  formation  of  any  degree  of  vacuum,  or  negative  pressure  at 
the  throat  of  the  instrument,  which  first  called  attention  to  this  method 
of  gauging,  has  become  only  a  special  case  of  its  action,  while  the 
measurement  of  the  diiference  of  pressure  between  the  fluid  in  the  main 
pipe,  just  above  the  meter,  and  as  it  passes  the  throat,  has  been  found 
to  constitute  a  precise  measure  of  the  linear  velocity,  hence  of  the 
volume,  passing  through  the  throat  and  through  the  main  pipe. 

DuTEBENCE-PKESStJKE   GaUGE, 

In  the  discussion  immediately  following  the  reading  of  the  paper,  it 
was  asked,  whether  the  record  of  this  difference  of  pressure  could  be 
kept  automatically,  and  following  the  suggestion  thus  thrown  out,  I 
have  contrived  the  difference-pressure  recording  gauge  herewith  shown. 
It  is  believed  that  this  is  the  first  gauge  of  this  sort  ever  constructed, 

*  The  Venturi  Water  Meter.  By  Clemens  Herschel.  Transactions,  Vol.  XVn,  p.  228, 
November,  1887. 
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barring  some  attempts  to  photograpli  the  indications  of  the  two  legs  of 
a  Pitot  tube  used  in  measuring  current  velocities,  and  thus  to  obtain  a 
continuous  picture,  or  record,  of  the  relative  positions  of  the  liquid 
within  the  Pitot  tubes. 

A  very  few  words  will  explain  the  action  of  the  gauge  (Plate  XXXIX). 
Pi  and  P.,  are  the  two  piezometer  tubes,  the  one  leading  out  of  the  main 
pipe,  just  up-stream  from  the  meter,  the  other  leading  out  of  the  venturi 
air-chamber.  These  are  conducted  to  any  convenient  point,  where  is  set  up 
the  difference-pressure  gauge.  This  swings  like  a  pendulum  in  stuffing- 
box  bearings,  as  shown  in  cross-section  Figs.  2  and  3.  A  diaphragm 
separates  the  two  pressure  conduits,  so  that  the  mercury  columns,  Mi 
and  J/.>  are  respectively  acted  on  through  connection  pieces,  ^i  and^j, 
by  the' pressure  in  Pi  and  in  P^.  To  give  more  swingto  the  pendulum, 
the  ball,  Pj,  is  the  heaviest,  and  will  set  the  pointer  at  0  of  the  arc, 
when  the  two  mercury  columns  are  on  a  level.  As  soon  as  any  appreci- 
able difference  of  level  is  obtained  between  them,  however,  due  to  a  dif- 
ference of  pressure  in  Px  and  P..,  the  gauge  will  swing  away  frgm  the  0 
of  the  arc,  which  can  thus  be  made  to  indicate  directly  cubic  feet  per 
second  or  per  hour,  or  any  such  quantity,  passing  the  meter.  The  mer- 
cury tubes  are  shown  as  though  made  of  glass;  but  this  is  by  no  means 
necessary,  as  iron  or  steel  will  answer  equally  well.  This  removes  one 
usual  objection  to  ordinary  mercury  columns.  Another  one,  that  of 
spilling  the  mercury  by  water  or  steam  ram,  will  not  occur  in  this  form 
of  apparatus,  I  believe:  because  shocks  of  this  sort,  passing  the  meter, 
seem  to  affect  both  pipes.  Pi  and  Po,  simultaneously. 

I  have  tried  only  one  meter  as  yet  under  high  heads,  with  an  ordinary 
steam  pressure  gauge  set  on  Pi,  and  another  on  P,,  and  have  the  belief 
above  expressed  in  the  light  of  the  only  experience  thus  far  acquired. 
That  a  gauge  of  this  kind  can  be  made  to  keep  its  own  automatic  record 
need  hardly  be  stated. 

Other  forms  of  difference-pressure  gauge  can,  and  will  no  doubt  be 
devised;  and  upon  the  construction  of  very  sensitive  gauges  of  this  sort 
depends  the  perfection  of  the  meter;  whose  only  admitted  defect,  at 
present,  is  its  inability  to  meter  very  small  quantities.  Or,  in  other  and 
more  precise  words,  whose  range  of  capacity  is  somewhat  limited. 

A  Worthingtou  ^inch  meter,  tested  in  California  (Ross  E.  Browne's 
Experiments,  Van  Nostrand's  Science  Series  No.  81),  had  a  range  from 
-,V  to  7.5  gallons  per  minute,  or  from  1  to  112.5. 

'  A  Crown  J -inch  meter  {tested  in  New  York,  1879)  had  a  range  from 
-aV  to  about  13.  gallons  per  minute,  or  from  1  to  338  (nearly).  If  the  least 
difference  of  pressure  in  P,  and  P.,  above  referred  to,  that  can  now  be 
measured,  be  taken  at  i  pound  per  square  inch,  it  would  make  a  range, 
for  the  1-inch  meter,  spoken  of  later  on,  from  1.47  to  31.  gallons  per 
minute,  or  from  1  to  21.  If  this  lowest  measure  of  pressure  differences 
be  assumed,  however,  at  ^  of  a  foot,  as  was  actually  done  in  Ross  E. 
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Browne's  water  meter  experiments,  the  above  range  of  capacity  would 
be  increased  from  1  to  21  to  something  greater. 

And  all  this  only  shows  that  the  Venturi  meter,  from  not  ha\-ing 
been  designed  for  domestic  service,  does  not  meet  this  and  other  re- 
quirements of  that  i^articular  service.  On  the  other  hand,  to  meter 
the  quantity  supplied  to  large  establishments,  to  a  whole  district  of  a 
city,  or  to  the  whole  city  itself,  though  that  city  be  of  the  size  of  the 
City  of  New  York,  is  something  that  can  be  done  with  great  ease  by  the 
Venturi  meter;  and  it  has  for  such  purposes  ample  range,  accuracy  and 
durability,  cannot  clog  uj^,  and  keeps  well  within  the  practical  limits 
of  what  such  a  meter  may  cost.  Other  uses  of  the  meter,  under  low 
heads,  would  arise  in  connection  with  irrigation  works,  filtering  plants, 
to  meter  wash  water  in  industrial  works,  and  water  u.sed  for  power  pur- 
poses. The  meter  is  also  applicable  to  the  gauging  of  steam,  com- 
pressed air  and  other  gases. 

Generally  speaking,  a  6  or  8-ineh  supply  pipe  limits  the  size  of  ordi- 
nary water  meters,  and  very  few  are  built,  or  used,  having  so  much  as 
four  inches  inlet  and  outlet;  while  the  Yenturi  meter  is  probably  un- 
limited in  the  size  at  which  it  may  practically  be  built  and  oiDcrated, 
ranging  from  capillary  tubes,  to  tunnels;  but  does  not  meet  some  of  the 
other  requirements  demanded  of  those  water  meters  which  are  to  be 
used  for  sui^plying  dwelling  houses  and  other  domestic  establishments. 

Tests  of  a  One-Inch  Meter. 

Since  paper  No.  371  was  read  before  the  Society,  I  have  tested  a  1- 
inch  meter  of  the  sort  therein  described,  under  210  feet  head.  The 
interior  of  the  meter  was  in  outline  precisely  similar  to  the  other  two, 
already  described,  but  the  meter  itself  was  a  brass  casting,  cut  to  shape 
and  finely  polished  inside. 

Unfortunately  there  were  no  facilities  at  hand  to  measure  pressures 
accurately.  The  pressure  gauges  used  were  common,  cheap,  steam- 
pressure  gauges,  indicating  possibly  five  or  more  pounds  variance  from 
the  truth.  Were  it  not  for  the  fact  that  their  differences  alone  were 
used,  and  that  they  could  always  be  compared  among  themselves  when 
the  water  was  still,  the  results  would  have  been  entirely  worthless.  I 
submit  the  table  of  results  which  follows,  with  great  diffidence,  and 
only  as  being  better  than  nothing  at  all.  By  reference  to  what  was  said 
concerning  the  tables  given  for  the  1-foot  and  for  the  9-foot  meter, 
the  following  table  for  the  1-inch  meter  will  be  readilv  understood. 
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It  will  be  observed  that  no  vacuum  could  be  formed  in  this  meter 
when  starting  with  88  pounds  j^ressure.  But  by  reducing  the  head  upon 
the  meter,  a  vacuum  just  commenced  to  form,  when  the  other  pressures 
were  as  given  in  the  following  table: 

Table  No.  2.     • 


Pressure  at  Head  Gauge. 

Pressure  at  A^enturi 
Gauge. 

Pressure  at  a  Gauge 

Down-stream    from    the 

Meter. 

In  Pounds  per  sq.  in. 

In  Pounds  per  sq.  in. 

In  Pounds  per  sq.  in. 

51 
41 
31 
21 
11 

0 
0 
0 
0 
0 

38 
34 
25 
15 
6 

Proper  Shape  for  the  Meter. 

The  subject  of  the  proper  shape  for  converging  and  diverging  tubes 
has  long  occupied  the  attention  of  scientists  and  of  mechanics,  but 
owing  to  lack  of  exjaerimental  data,  is  yet  unsettled.  It  has  been  lately 
treated  in  a  paper  by  A.  F.  Nagle,  C.  E.,  before  the  1888  meeting  of  the 
American  Society  of  Mechanical  Engineers. 

According  to  the  belief  therein  expressed,  at  which  the  author  seems 
to  have  arrived  independently  of  its  suggestion  previously  by  others, 
the  simple  rule  to  be  followed  is,  that  the  acceleration,  or  retardation, 
of  the  fluid  must  Ije  uniform,  while  passing  through  the  converging  or 
diverging  tube;  being  the  same  idea  which  was  suggested  to  me  in  1874. 
This  i^rodiices  one  form  of  trumpet-shaped  tubes,  but  leaves  the  proper 
length  of  the  tubes  undetermined.  Least  loss  of  head  while  passing 
the  meter,  must  be  advantageous,  and  this  would  call  for  as  short  a 
length  as  possible.  It  is  evident  that  experiment  alone  can  answer  some 
of  the  questions  that  arise  in  this  connection.  A  Venturi  meter  formed 
by  joining  two  trumpet-shaped  or  conical  tubes  of  equal  dimensions,  at 
their  smaller  diameter,  would  permit  of  its  being  used  to  gauge  liquids 
flowing  in  either  direction,  which  has  a  practical  vahie  in  certain  loca- 
tions; and  a  refined  form  of  interior  lines,  should  have  practical  value, 
in  the  cases  of  high  heads  more  especially. 

Proper   Mode  of  Attachment,  to  the    Meter,  of  the  Piezometer 

Tubes. 
This  has  always  been  a  puzzling  question  to  hydraulicians,  and  the 
results    of    many   experiments  are  no    doubt    worthless  or  unreliable, 
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from   no   other  cause  tliau   tliis  of  faulty  attachment    or  arrangement 
of  piezometers. 

The  writer  means  to  try  whether  the  mode  of  attachment  originally 
adopted  for  the  tube  leading  from  the  Venturi  to  its  gauge,  be  not  also 
the  i^roper  mode  of  attachment  for  the  tube  leading  from  any  part  of 
the  Venturi  meter  to  its  appurtenant  gauge,  and  believes  that  such  mode 
of  attachment  will  give  the  best  results. 

VoLXJMETKic  Measurements. 

In  the  public  mind,  when  the  word  water  meter  is  mentioned,  there 
immediately  arises  the  conception  of  a  little  cast-iron  box,  with  a  set  of 
dials  on  top,  on  which  may  be  read  off  the  cubic  feet  or  gallons  of  water 
that  have  jjassed  the  meter  since  the  dials  last  stood  at  zero.  This  con- 
stitutes a  volumetric  meter,  or  integrating  meter,  as  it  has  been  called. 

Essentially  different  from  this  class  are  so-called  differential  meters 
(carefully  to  be  distinguished  from  inferential  meters,  which  are  only  a 
species  of  volumetric  or  integrating  meters).  Of  the  differential  class, 
being  meters  which  indicate  and  measure  rates  of  flow',  there  are,  as  yet, 
in  this  country,  but  two  kinds — the  Deacon  waste-water  meter  and  the 
Venturi  meter.  Considering  now  the  latter,  if  it  be  fitted  with  any  of 
the  ordinary  pressure  gauges  only,  it  will  serve  to  indicate,  by  means  of 
a  simple  computation  to  be  made  by  the  observer,  what  is  the  rate  of 
flow  through  the  meter  at  ariy  moment  of  observation. 

Second. — If  fitted  with  the  difference-pressure  gauge  above  described, 
it  would  indicate  directly,  on  the  circular  arc  of  the  gauge,  the  rate  of 
flow  in  cubic  feet,  or  gallons,  per  second,  or  other  unit  of  time,  at  the 
moment  of  observation. 

Tldrd. — If  provided  with  a  self-recording  apparatus,  it  would  keep, 
automatically  and  continuously,  a  record  of  such  rate  of  flow,  and  would 
thus  furnish  the  data  from  which  the  total  volume  that  had  passed  the 
meter  between  any  two  intervals  of  time  could  be  computed. 

Four  111. — A  further  step,  and  one  that  would  convert  the  differential 
into  an  integrating  meter,  would  be  to  cause  the  computation  last  named 
to  be  continuously  performed  and  indicated  on  a  train  of  dials  bv  suit- 
able mechanism,  such  mechanism  being  called  "mechanical  integrators," 
and  many  forms  of  which  are  in  existence.  The  writer  has  himself  de- 
vised one  such  form,  and  a  very  simple  one,  for  the  case  in  hand,  and 
while  he  has  no  immediate  expectations  that  a  small  volumetric  meter 
constructed  in  this  manner  can  compete  with  the  several  simple  forms  of 
ordinary  small  water-meter,  yet  it  is  none  the  less  interesting  to  note 
that  the  ordinary  voluuK^tric  measurement  of  quantities  up  to  150  mill- 
ion gallons  i)er  twenty-four  hours,  aud  even  more,  is  now  easily  within 
the  compass  of  a  single  meter  with  an  accuracy  of  probably  less  than  i 
of  1  per  cent.,  and  at  a  comparatively  very  small  cost. 
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Similarly  for  smaller  volumes,  from  those  flowing  in  l-incli  pipes, 
or  smaller  ones,  upwards. 

The  same  instrument  is  also  readily  arranged  to  do  both  kinds  of  serv- 
ice; to  keep  a  continuous  record  of  the  rate  of  flow,  and  to  indicate  on  a 
train  of  dials  the  continuous  summation  of  the  volumes  that  have  been 
passing  the  meter. 


DISCUSSION 


Mansfield  Merriman,  M.  Am.  Soc.  C.  E.— The  slight  range  in  the 
co-eflficient,  determined  by  the  experiments  of  Mr.  Herschel,  show  that 
the  Yenturi  meter  gives  promise  of  furnishing  a  precise  method  for  the 
measurement  of  water.  It  appears  to  be  a  form  of  meter  which  can  not 
only  be  used  for  gauging  the  flow  in  mains,  but  can  also  be  advanta- 
geously employed  in  tests  of  water  motors  instead  of  a  weir,  particularly 
in  cases  where  a  large  number  of  measurements  are  to  be  made.  It 
seems  desirable  that  such  a  form  of  tube  should  be  adopted  as  to  give 
the  least  loss  of  head,  and  the  shape  used  by  Mr.  Herschel  is  that  which 
has  generally  been  regarded  as  giving  the  maximum  discharge,  being 
similar  to  that  regarded  as  best  by  Venturi  and  other  exiDerimenters. 
The  tests  made  by  Mr.  Francis  in  1854  showed  that  with  such  a  form  of 
tube  a  maximum  discharge  of  about  two  and  one-half  times  the  theo- 
retic discharge  could  be  obtained,  and  as  no  experiments  have  given  a 
greater  ratio  it  might  be  inferred  that  this  is  the  form  which  gives  the 
least  loss  of  head.  In  a  recent  paper  before  the  American  Society  of 
Mechanical  Engineers,  Mr.  A.  F.  Nagle  has  proposed  a  form  for  nozzles 
and  compound  tubes  which  appears  theoretically  to  be  moi*e  perfect,  its 
sections  varying  in  such  a  manner  that  the  acceleration  is  constant.  This 
requirement  seems  to  be  the  correct  one,  and  can  be  justified  in  a  num- 
ber of  ways,  the  simplest  being  that  of  analogy  from  the  sections  of  a  jet 
which  rises  vertically  from  an  orifice,  and  attains  to  the  level  of  the  sur- 
face of  the  reservoir.  In  this  case  no  head  is  lost,  and  the  acceleration'  is 
uniformily  decreased,  so  that  a  perfect  nozzle  may  be  regarded  as  one 
whose  sections  vary  in  accordance  with  the  same  law,  frictional  resist- 
ance being  disregarded.  To  deduce  the  law  of  variation  of  sections  let 
h  be  the  height  of  the  jet  and  x  be  any  distance  above  the  orifice,  and 
let  d  and  y  be  the  diameter  at  the  orifice  and  at  the  height  x ;  the  cor- 
responding velocities  are  V'^9  h  and  y  2^  {Ji — x),  and  since  the  veloci- 
ties are  inversely  as  the  areas  of  the  sections, 
y*  _  V^g^i- 
(i*  ~  V^g  [h—x) 
from  which  the  diameter  y  is 
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This  is  the  equation  for  a  perfect  jet,  in  which  y  becomes  infinity  when 
X  equals  h.  Now  to  apjily  this  to  the  deduction  of  a  form  of  perfect 
nozzle  let  I>  be  the  diameter  of  the  large  end,  d  that  of  the  small  and  / 
its  length.     Then  y  is  rei^laced  by  D  and  x  bv  I,  or 

and  eliminating  li  from  the  two  equations  there  is  found 

From  this  formula  values  of  y  may  be  computed  for  any  assumed 
values  of  D,  d,  Z  and  x,  giving  a  form  of  curve  similar  to  that  shown  in 
the  figure.  Two  of  these  joined  together  at  the  throat  may  be  taken  as 
the  Venturi  tube  of  maximum  discharge  or  least  loss  of  head.  Theory 
offers  no  hint  as  to  the  best  relations  between  B,  d  and  I,  but  the  length 
of  the  jjart  below  the  throat  should  probably  be  two  or  three  times  that 
above  it. 

The  following  table  gives  the  result  of  a  few  comiiutations  on  the 
losses  of  head  which  occurred  in  the  large  meter  exi^erimented  iipon  by 
Mr.  Herschel  (Transactions,  Vol,  XVII,  page  250).  Here  Pj  refers  to 
the  upper  piezometer,  P,  to  that  at  the  throat,  and  Pj  to  the  lower  one. 
The  loss  of  head  given  in  the  third  column  was  directly  measured  by 
the  difference  of  the  readings  of  the  piezometer  Pi  and  P3;  the  other 
columns  have  been  computed  from  the  given  velocities  and  diameters. 


1. 

3. 

3. 

4. 

5. 

6. 

No.  of 
Experiment. 

Velocity  in 
feet  per 
second. 

Loss  of  head 

between 

Pi  and  P3. 

Loss  of  head 

between 

Pj  and  P.,. 

Loss  of  head 

between 

P2  and  P3. 

Ratio  of  col. 
5  to  col.  4. 

1 

1.75 

0.005 

—0.008 

0.013 

4 

4.96 

0.045 

-f  0.007 

0.038 

5.4 

5 

7.64 

0.102 

0.024 

0.079 

3.3 

9 

10.63 

0.175 

0.086 

0.089 

1.0 

17 

22.98 

0.905 

0.668 

0.236 

0.36 

27 

29.32 

1.493 

1.263 

0.229 

0.18 

43 

32.98 

1.869 

1.617 

0.252 

0.16 

47 

34.47 

2.049 

1.873 

0.176 

0.09 

This  table  shows  that  where  the  velocity  was  low  the  loss  of  head 
mostly  occurred  below  the  throat,  while  the  reverse  was  the  case  for 
high  velocities.  It  may  be  thought  that  in  the  latter  event  the  stream, 
after  passing  the  throat,  did  not  touch  the  sides  of  the  tube  at  all,  but 
that  it  expanded  according  to  the  law  of  nature,  its  sections  increasing 
as  its  acceleration  uniform)  v  diminished.     It  would  be  a  matter  of  much 
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scientific  interest  if  exi^eriments  could  be  made  upon  the  form  of  tube 
wliich  theory  indicates  as  the  most  perfect. 

James  B.  Fkancis,  Past  President  Am.  Soc.  C.  E. — The  theory  of  the 
Venturi  tube  has  been  known  for  a  long  while,  but  there  have  been  few 
practical  applications  of  it.  It  is  said  that  the  Komans  knew  how  to  get 
more  water  into  the  pipes  in  their  houses  hj  putting  a  Venturi  tube  at  the 
end  of  the  pipe.  It  is  this  same  principle  which  Mr.  Boyden  applied  in 
his  diflfuser  to  increase  the  efficiency  of  the  turbine  water  wheel,  but 
this  is  a  much  wider  application  and  it  is  entirely  new,  so  far  as  I  know. 
T  rypont.  it  iTJl]  nrrrthr^^yr  ^nm" '^^  p^ir  ^-^^Q<-■viQc■  ^f  T^<^f(i^  flnw.  thfm]Th 
^ri.^4-1.^^  .^n  .^t  4-1.^,..  -.-^  n  nj..nr.t.-n..  j^  rcmalus  to  be  proved  l>y  experi- 
ence what  changes  may  come  from  the  use  of  this  tul.te;  still,  I  think,  it 
is  an  entirely  new  application  of  the  old  principle. 
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TEST  OF  AN   EDISON  INCANDESCENT   ELECTRIC 
LIGHTING  PLANT. 


By  John  W.  Hill,  M.  Am.  Soc.  0.  E. 
Eead  Makch  7th,  1888. 


WITH  DISCUSSION. 


The  writer  presumes  that  all  members  of  the  Society  are  interested 
in  the  electric  light,  if  not  by  direct  contact  with  it  as  constructors  or 
users,  at  least  from  the  stand  point  of  speculation  as  to  its  actual 
efficiency,  comparative  cost  and  general  application;  and  that  any  prac- 
tical information  (however  meager)  in  this  field,  will  be  acceptable  for 
what  it  is  worth. 

The  writer  pretends  to  no  other  knowledge  of  the  subject  than  that 
gained  from  a  recent  test  of  an  isolated  plant,  in  the  discharge  of  his 
routine  duties  as  an  engineer;  but  he  hopes  that  the  facts  presented  in 
this  paper,  may  induce  others  of  the  Society  better  qualified  than  him- 
self, to  analyze  the  large  losses  of  power  and  reconcile  some  of  the  dis- 
crei)aucies  which  were  developed  by  the  test  referred  to. 

The  Union  Central  Passenger  Depot,  at  Cincinnati,  is  lighted  under 
a  contract  with  local  parties,  by  an  isolated  Edison  Incandescent  Elec- 
tric  Light  plant  of  a  nominal  capacity   of    eight  hundred  Ki-caudle 
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power  lam25s.  Tlie  plant  is  owned  and  operated  by  the  local  company, 
wMcli  furnishes  the  necessary  attendants,  oil  and  waste  for  the  motive 
machinery,  and  makes  the  lamp  renewals;  while  the  Depot  Company 
owns  and  operates  the  boilers,  and  furnishes  the  steam  to  drive  the 
engines.  Therefore  to  the  cost  of  the  light  service,  as  rendered  in 
monthly  bills  by  the  owners  of  the  electric  light  plant,  must  be  added 
the  gross  cost  of  the  steam  consumed  by  the  engines  which  operate  the 
dynamos,  to  arrive  at  the  actual  cost  to  the  Depot  Company  of  the 
light. 

The  general  terms  of  the  contract  under  which  the  light  is  furnished, 
require  the  owners  of  the  electric  plant  to  develop  an  illumination  the 
equivalent  of  gas,  at  the  cost  of  gas;  and  further  provides,  that  when- 
ever desired,  the  Depot  Company  can  make  a  test  for  comparative  effects 
and  costs  of  gas  and  electric  light,  for  a  period  of  sixteen  days,  using 
each  illuminant  for  eight  consecutive  days  of  twenty-four  hours  each. 

The  steady  and  persistent  introduction  of  arc  and  incandescent  elec- 
tric lighting,  in  places  where  under  ordinary  conditions  the  consump- 
tion of  gas  would  be  large,  as  railroad  stations,  hotels  and  public  build- 
ings, is  viewed — to  say  the  least — not  with  any  feeling  of  pleasure  by  the 
gas  companies  of  the  large  cities,  and  as  a  rule  the  exact  information 
upon  the  actual  cost,  and  the  cost  relative  to  gas,  of  incandescent  electric 
lighting,  is  not  as  well  known  to  the  public  or  to  gas  companies,  as  it 
should  be  at  the  present  time. 

Constructors  and  ojierators  of  electric  plants  no  doubt  are  possessed 
of  full  information  upon  the  efficiency  and  cost  of  this  mode  of  illumi- 
nation, and  seem  disposed  to  retain  this  information  as  a  profound  secret 
in  which  laymen  and  the  public  have  no  interest. 

During  the  month  of  October,  1887,  the  writer,  by  mutual  agreement 
of  the  Union  Central  Passenger  Depot  Company,  and  the  owners  of  the 
Edison  Incandescent  Electric  Lighting  plant  in  the  station,  made  an 
eight- days  test  of  the  plant,  in  which  he  was  assisted  by  Professor 
Thomas  French,  Jr. ,  of  the  Cincinnati  University,  and  Mr.  Charles  E. 
Jones,  electrician,  of  Cincinnati.  The  former  gentleman  making  the 
photometric  tests  of  specimen  lamps,  taken  from  the  fixtures  in  the 
building;  and  the  latter,  furnishing  the  galvanometer,  and  reading  the 
currents  required  to  maintain  the  specimen  lamps  under  different  con- 
ditions of  pressure.  Mr.  Jones  also  made  the  necessary  measurements 
to  determine  the  resistance  of  the  sjaecimen  lamps  cold. 
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The  motive  power  is  obtained  from  two  Buckeye  higli  speed  auto- 
matic non-condensing  engines,  which  drive  the  dynamos  through  belts 
and  pulleys  on  a  jack-shaft,  and  are  each  of  50  nominal  horse-power, 
and  ojjerating  at  a  speed  of  230  to  235  revolutions  per  minute. 

In  the  following  table  are  given  the  i^rincipal  dimensions  of  the 
engines  and  the  pulleys:  • 

East  Engine.  West  Engine. 

Diameter  of  steam  cylinders 10.02    inches.  10.03    inches. 

Stroke  of  steam  pistons 14.00         "  14.00         " 

Diameter  of  piston  rod 1.54         "  1.52 

pulley  fly  wheel 4.529  feet.  4.555  feet. 

"  driving  pulley  on  jackshaft..   2.497      "  2.516      " 

driving  pulley  on         "         ..  3.332      "  3.365      " 

"  dynamo  armature  pulley 1.1605    "  1.187       " 

Ratio  speed  of  dynamo  to  speed  of  engine,  5.207  5.132 

The  current  generators  consist  of  two  Edison  dynamos,  each  of  300 
amperes  capacity;  each  being  furnished  with  a  commercial  ammeter,  to 
indicate  the  current  (amperes),  and  a  Howell  indicator  to  note  the 
pressure  of  the  current  in  volts. 

The  boilers  furnishing  the  steam,  three  in  number,  are  of  the  return 
tubular  variety,  and  each  of  the  following  dimensions: 

Diameter  of  shells 42  inches. 

Length  of  shells 12  feet. 

Number  of  tubes 40 

Diameter  of  tubes  (outside) 3  inches. 

Grates,  continuous  under  the  three  boilers,  43  inches  long  x  12  feet 
7  inches  wide. 

Gas- house  coke  is  used  as  fuel  for  the  boilers. 

The  Edison  lamps  in  continuous  service,  are  all  of  16  or  32  nominal 
candle-power;  and  are  distributed  through  the  depot  building,  train- 
shed,  omnibus  court,  and  storage  rooms  and  stables  of  the  American 
Express  Company. 

The  test  embraced:  (a)  a  careful  measurement  of  the  performance 
and  cost  of  operating  the  boilers;  {b)  the  ])Ower  developed  by  the  driving 
engines,  and  the  proportion  of  that  jDower  transmitted  to  the  dynamos; 
(c)  the  power  (electro  motive  force)  of  the  currents  generated  by  the 
dynamos;  {d)  the  lamp  service,  taken  by  eight  skilled  observers,  who 
made  hourly  rounds  of  the  portion  of  the  building  in  their  respective 
charge,  and  noted  the  time,  location  and  nominal  candle-power,  of  each 
lamp  in  service.  (In  the  train-shed,  the  lamps  were  operated  in  rows, 
as   trains  arrived  and  departed;   and  these  were  noted  by  the   number 
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of  the  row  and  intervals  in  service) ;  (e)  the  photometric  test  of  forty- 
three  specimen  lamps,  taken  from  the  fixtures  in  and  about  the  depot 
building  and  train-shed;  (/)  the  test  of  specimen  lamps,  simultaneously 
for  brilliancy  and  current,  to  estimate  the  proportion  of  electrical  energy 
of  the  dynamos  actually  realized  in  the  work  of  the  lamps;  and  [g)  a 
weighing  of  the  positive  plates  of  the  voltameters;  from  the  transfer  of 
zinc  in  which  the  owners  of  the  electric  light  plant  render  the  monthly 
bills  for  lighting  the  depot  and  surrounding  premises. 

For  convenience,  the  results  of  the  tests  are  presented  under  the  fol- 
ing  heads : 

First. — Comparative   cost  of    electric   light   and  gaslight  for   equal 
effects. 

xS'eco^zrf.— Illuminating  power  of  electric  lamps,  with  changes  in  the 
angle  of  the  filament  or  loop,  and  potential  of  current. 

Third. — Performance  of  the  voltameters  and  relation  of  their  record 
to  the  light  actually  furnished. 

Fourth. — Relation  of  the  work  of  the  engines  to  the  work  of  the 
dynamos,  and  relation  of  the  work  of  the  dynamos  to  the  work  of  the 
lamjos. 

Fifth, — Notes  of  exi^lanation  of  the  contents  of  the  tables  of  observed 
and  calculated  data. 

1.    COMPARATIVK  CoST  OF   ElECTKIC  AND    GaS   LiGHT. 

The  feed  water  was  measured  to  the  boilers,  in  two  tight  casks,  con- 
taining at  65  degrees  Fahrenheit  880.5  and  869.75  pounds  resj^ectively. 
These  were  charged  alternately  from  the  city  mains,  and  the  contents 
delivered  through  the  feed-jjump,  to  the  boilers.  The  water  record  con- 
sisted of  the  number  of  casks  consumed,  the  time  required  to  exhaust 
each  cask,  and  the  temperature  of  the  water,  which  also  was  the  tempera- 
ture of  the  feed  to  the  boilers. 

The  coke,  weighing  40  jjounds  to  the  standard  bushel,  was  measured 
in  uniform  charges  of  150  pounds,  and  two  charges  of  300  pounds  were 
delivered  to  the  firemen  at  each  round;  and  no  other  or  additional  coke 
was  permitted  on  the  boiler-room  floor,  until  the  previous  charges  were 
thrown  into  the  furnaces.  The  quality  of  the  steam  was  taken  with  a 
very  sensitive  small  Fairbanks'  platform  scale,  graduated  to  weigh  to 
two  ounces,  and  a  James  Green  United  States  Signal  Service  ther- 
mometer. 
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During  tlie  test  of  one  hundred  and  ninety-two  hours,  or  eight  con- 
secutive days  (6  a.m.,  October  11th,  to  6  a.m.,  October  19th),  there  were 
charged  to  the  boilers,  the  following  quantities: 

Pounds, 

Coke  to  start  fires 782.75 

Pine   kindling,    taken   at   one-half   its  weight    in 

coke 244. 62 

Coke  to  operate  the  boilers  eight  days 36  376.00 

There  are  two  batteries  of  boilers  in  the  station,  which  are  alternated 
in  service  every  two  weeks;  whence  the  average  daily  consumption  of 
fuel  to  start  fires  is  73.384  pounds;  and  the  average  daily  consumption 
of  fuel,  including  coke  to  operate  the  boilers,  4  620.384  jiounds;  and  a 
consumption  for  the  month  of  October,  of  3  580.8  bushels,  costing  at 
seven  cents  per  bushel,  S250.66, 

The  consumption  of  water  by  the  boilers  from  tank  measurements 
for  eight  consecutive  days,  was  32  826.83  gallons;  to  which  should  be 
added,  five  per  cent,  for  wetting  the  ashes,  cleaning  boilers  and  washing 
the  boiler-room  floor  (taken  from  separate  tap),  or  1  641.34  gallons; 
making  total  consumption  for  eight  days,  34  468.17  gallons,  or  a  con- 
sumption for  the  month,  of  133  564.15  gallons,  costing  at  nine  cents  per 
1  000  gallons,  $12.02. 

From  the  bills  rendered  the  Depot  Company  by  the  owners  of  the 
electric  light  plant,  for  1886,  it  seems  the  cost  of  light  for  the  month  of 
October,  is  0.08615  of  the  cost  for  the  whole  year,  and  as  the  steam  and 
consequently  the  cost  for  fuel  and  water  will  be  proportional  to  the 
illumination  furnished,  then  the  cost  of  these  items  per  annum  will  be 
as  follows: 

Co''-  ■  ■  0^  =  »^  '^■''-     ^'""■-  ■  •  -61^  =  *'^»-5^- 

Add  to  this  the  wages  of  two  firemen,  at  $45  per  month  each,  or  per 
annum  $1  080. 

Interest  on  boiler  plant  and  fixtures,  valued  at  $3  000,  at  five  per 
cent.,  $150. 

Depreciation  of  boiler  plant,  taken  at  10  per  cent,  of  valuation, 
or  $300. 

When  the  total  cost  of  the  steam  per  annum  becomes  $4  579.11. 

From  the  tabulated  statement  of  the  lamp  service  during  the  eight 
days  of  test,  the  average  illumination  for  the  whole  time  is  shown  to 
have  been  equivalent  to  185.15  lights  of  16  actual  candle-power  each; 
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for  which  the  charge  for  the  interval  of  time  according  to  the  method  of 
rendering  bills  for  incandescent  electric  lighting  would  have  been, 
185.15  X  16  X  192  x  45      ____  „_ 

loUo  =  •^^^^•^^- 

and  the  annual  charge, 

While  it  is  the  intention  of  the  owners  of  the  electric  plant  to  make 
a  charge  of  45  cents  per  1  000  standard  caudles  of  illumination,  the  bills 
are  not  based  on  the  amount  of  light  furnished,  but  on  the  deiiosit  or 
transfer  of  zinc  in  the  zinc  voltameters,  the  assumption  being  that  the 
zinc  deposit,  and  consequently  the  average  current  passing  through  the 
voltameters  bears  a  constant  proportion  to  the  total  current  in  the'cir- 
ciiit  in  which  the  voltameter  is  placed. 

If  it  were  convenient  to  state  the  actual  amount  of  light  furnished , 
for  any  given  length  of  time,  as  a  certain  hourly  average  number  of  16 
or  32  actual  candle-power  lights,  it  would  be  j^refevable  to  the  present 
mode  of  charging  for  the  electric  light,  but  no  meter  has  yet  been 
devised — so  far  as  the  writer  is  aware — which  will  I'ender  an  account  of 
the  lamps  in  service,  and  the  average  brilliancy  (candle-power)  of  the 
lamps.  If  such  an  apparatus  were  invented,  and  could  be  depended 
upon  to  render  an  account  of  the  lamp  service,  then  its  statement  for 
the  month  (or  any  other-  interval  of  time),  would  be  reduced  to  an 
average  hourly  service  in  thousand  standard  candles,  and  multiplied  by 
the  rate  per  thousand  candles,  upon  which  the  contract  for  lighting 
was  based.  In  this  instance  the  rate  is  45  cents  per  thousand  candle- 
jjower  of  eflfect. 

From  the  tabulated  statement  of  the  zinc  voltameters  the  transfer  of 
metal  from  the  positive  to  the  negative  plates,  for  the  one  hundred  and 
ninety -two  hours  of  trial,  in  the  aggregate,  was:  21.829  grams,  which, 
according  to  the  formula  of  the  owners  of  the  electric  lighting  j)lant,  is 
multiplied  by  the  constant  17,  to  obtain  the  corresponding  light 
furnished  in  thousand  standard  candles.  (The  standard  candle,  to  be 
understood  as  burning  at  the  normal  rate  of  two  (2)  grains  per  miniite, 
or  120  grains  per  hour.)  From  which  the  cost  of  the  illumination 
(exclusive  of  steam)  to  the  Depot  Company,  becomes:  C=  21.829  X  17 
X.45  =  ^167  for  eight  days,  or  $647.09  for  the  month  (October),  corre- 
sponding to  an  annual  charge  of  $7  511,20,  or  a  total  cost  for  illumina- 
tion per  annum  as  follows : 
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Electric  Light  Company,  charge $7  511.20 

Cost  of  furnishing  steam  to  operate  the  driving 

engines 4  579. 11 


$12  090.31 


The  present  price  per  1  000  cubic  feet  for  coal  aas  in  Cincinnati  is 
^1.15  and  by  photometric  test,  according  to  the  determinations  of 
Professor  French,  has  an  illuminating  power  with  a  consumjDtion  of  five 
(5)  cubic  feet  per  hour,  of  16.94  standard  candles,  from  which  a  light  of 
16  candle-powers  would  represent  a  consumption  of  4.722  cubic  feet 
per  hour,  and  the  cost  of  an  illumination  the  equivalent  of  that  fur- 
nished by  the  electric  light  for  October  would  be, 

0=  1.16  X  l?^ii2^±|?^>lli*  =8748.03. 

and  an  annual  cost,  assuming  as  before,  that  the  light  for  the  month  of 
October  represents  8.615  per  cent,  of  the  light  for  the  whole  year  of, 
$8  682.91  or  a  net  annual  saving  over  the  electric  light  of  $3  407.40 
corresponding  to  an  increased  cost  for  electric  over  gas  lighting  of 
39.24  per  cent. 

If  the  electric  light  was  charged  for  at  the  rate  of  45  cents  \:>er  thou- 
sand standard  candles  of  actual  effect,  as  the  contract  for  the  lighting 
really  allows,  then  the  cost  per  annum,  including  the  outlay  of  the 
Depot  Company  for  steam  will  be  $16  091.66,  or  $7  408.75  over  the  cost 
for  coal  gas,  corresponding  to  an  increased  cost  of  electric  over  gas 
lighting  for  same  illuminating  effect  of  85.33  per  cent. 

Perhaps  it  will  be  more  convenient  to  compare  the  costs  of  electric 
and  gas-lighting  in  the  following  manner:  To  the  rate  of  45  cents  per 
lOOO  candle-power  of  light  furnished  by  the  owners  of  the  lighting 
l)lant  add  the  cost  (ascertained  by  trial)  of  the  steam  per  1 000  candle- 
power  of  light;  or, 

u.  101.54  X  1000  ,__       ,___ 

Steam ^^^^  ^ — ^,  r-  -.r ^.  X  100  =  17.85  cents. 

192  ><  185.15  X  16 

Cincinnati  gas  is  shown  to  have  an  illuminating  power  of  16  caudles 
for  an  hourly  consumjition  of  4.722  cubic  feet,  and  is  sold  at  $1  15  per 
thousand  cubic  feet,  hence  the  cost  of  an  illumination  the  equivalent  of 
1  000  standard  candles  burning  at  the  normal  rate, 

•  4.722  X  1.15    ^  ....       .,, 

:ry; X    100  =  34  Ceuts. 

lb 
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Bringing  the  cost  together  we  have: 

Per  1  000  candle-i30wer,  Edison  electric  light 63  cents. 

Per  1  000  candle-power,  Cincinnati  gaslight 34  cents. 

The  average  light  service,  and  the  average  illuminating  power  of  the 
«lectric  lamps,  was  a  matter  of  ocular  demonstration,  while  the  measure- 
ment of  the  illumination  furnished  by  means  of  the  zinc  voltameters, 
•depends  upon  the  shunting  of  a  small  decimal  (0.001)  of  the  current  in 
any  circuit,  through  the  meter  connected  in  that  circuit. 

2.  IiiiiUMiNATiNG  Power   op   Electric  Lamps,   with  Changes   in   the 
Angle  of  the  Filament  and  Potential  of  Current. 

Subsequent  to  the  test  for  cost  of  electric  light,  a  special  investiga- 
tion was  made  of  three  16,  three  32,  and  one  100  nominal  candle-power 
lamps,  selected  from  the  specimen  lamps  tested  by  Professor  French 
for  brilliancy  during  the  economy  trial  of  the  plant. 

These  lamps  were  tested  simultaneously  for  strength  of  current  and 
illuminating  power ;  the  filaments  being  placed  successively  in  three 
positions  at  an  angle  of  45  degrees,  at  an  angle  of  90  degrees,  and  par- 
allel with  the  plane  of  the  photometer  bar.  The  100  candle-power  lamp 
was  tested  in  one  position  only,  at  an  angle  of  45  degrees  to  the  plane 
of  the  bar. 

The  tests  for  brilliancy  of  the  specimen  lamps  were  made  with  a 
standard  photometer  from  the  American  Meter  Company,  Philadelphia, 
the  bar  being  graduated  to  give  the  candles  j)ower  of  the  sample  lights 
when  compared  with  a  single  candle,  burning  at  the  normal  rate  of  two 
grains  of  spermaceti  wax  per  minute;  and  in  order  to  diminish  the  ratio 
of  electric  to  candle  light,  and  keep  the  observation  box  over  that  poi*- 
tion  of  the  scale,  where  slight  diflferences  of  illuminating  effect  could  be 
easily  and  safely  read,  two  standard  candles  were  burned,  while  testing 
the  16  and  32  candle-power  lamps,  and  three  candles  while  testing  the 
100  candle-jjower  lamp.  The  standard  light  was  furnished  from  im- 
ported candles,  and  the  initial  and  final  weights  of  the  candles,  and 
time  to  seconds,  during  which  they  were  burned,  carefully  observed,  to 
arrive  at  the  exact  rate  of  consumption  of  the  spermaceti  wax.  The 
normal  rate  of  consum^jtion,  as  is  well  known,  should  be  120  grains  per 
hour  or  two  grains  per  minute,  and  the  photometric  observations  were 
corrected  to  agree  with  the  observed  rate  at  which  the  sperm  was  burned 
for  each  test. 

The  galvanometer  used  in  this  test  was  a  very  perfect  instrument, 
and  was  connected  in  the  circuit  callibrated  for  location  and  read  by  a 
very  skillful  observer. 

The  measured  candle  power  of  the  specimen  lamps  in  the  following 
table  are  the  means  of  the  three  positions  in  which  the  filaments  were 
placed,  excepting  the  100  candle-power  lamp  as  previously  noted. 
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The  potential  diflference  given  in  the  table  was  taken  from  the  Howell 
indicator  in  use  with  the  jjlant  at  the  station. 

CoMrAKisoN  OF  Lamps  fok  Curkent. 


Designation  of  Lamps. 

No  Mark. 

B 

i) 

C 

F 

A 

E 

32 

62.44 

99 

1.25 
123.75 
3.8G7 
1.982 
143.5 
79.2 

32 

30.90 
99 
1.189 
117.71 
3.678 
3.809 
156.0 
83.3 

32 

30.16 
99 
1.310 

129. G9 
4.U.53 
4.30U 

135.0 
75.57 

16 

36.33 
99 
0.773 
76.53 
4.783 
2.10G 
239.0 
128.0 

16 

21.10 

99 

0.816 
80.78 
5.049 
3.828 
224.0 
121.3 

16 

16.36 
99 
0.694 
68.71 
4.294 
4.199 
241.0 
142.6 

100 

144.75 

Potential,  Volts 

99 

Strength  of  current.amperes 
Electrical  energy  in  Watts.. 

Watts,  per  nominal  c.  p 

Watts,  per  actual  c.  ij 

Besistance,  cold,  Ohms 

Resistance,  hot.  Ohms 

2.986 

295.614 

2.956 

2.042 

Not  taken. 

33.15 

The  16  and  32  c.  p.  lamps  were  tested  October  22,  and  the  100  c.  p.  lamp,  October  21,  1887. 

Averages. 


Actual 
c.p. 

Current 
amperes. 

Watts. 

Resistance. 

c.  p. 

Per  nominal 
c.p. 

Per  actual 
c.p. 

Cold.           Hot. 

16 
32 
100 

24.. 597 
41.160 
144.75 

0.7610 

1.2497 
2.986 

4.709 
3.866 
2.95G 

3.377 
3.363 
2.042 

234.7  130.63 

144.8  79.36 
....       i      33.15 

i 

The  resistance  in  ohms  of  the  lamps  hot  is  exj^ressed  as  follows : 

•Let  A  =  strength  of  current  in  amperes, 

P  =  the  potential  difierence  in  volts,  and, 
0  =  the  resistance  in  ohms, 

then  0  =  ~ 
A 

The  Watts  or  units  of  electrical  energy  required  to  maintain  the  bril- 
liancy of  the  lamps  is  obtained  by  multiplying  the  current  by  the  po- 
tential, or   W=  A  X  P,  where  W  =  Watts. 

In  the  table  of  averages  it  will  be  noted  that  the  Watts  per  actual 
candle  poAver  of  lamps  is  practically  the  same  for  16  and  32  candle- 
power  lamps,  while  for  the  100  candle-power  lamp,  the  electrical  energy 
per  actual  candle-jjower  is  less  than  61  per  cent,  of  the  energy  required 
by  the  smaller  or  weaker  lamps.  The  relative  energy  required  by  the 
100  candle-j^ower  lamp,  agrees  Avith  the  general  assertion  of  electric 
light  operators  that  a  given  illumination  costs  less  with  lamps  of  high 
than  low  candle-power.      But  when  we  turn   to  the  electrical  energy 
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required  to  maintain  the  16  and  32  candle-power  lamps,  it  seems  that  in 
this  respect  there  is  nothing  in  favor  of  the  lamps  of  higher  candle- 
power,  and  that  it  costs  just  twice  as  much  for  one  32  candle-power 
light  as  for  one  16  candle-power  light.  Of  course  the  cost  of  lamp 
renewals  is  relatively  less,  when  the  given  illumination  is  produced 
with  one-half  the  number  of  32  candle-power  lights,  because  the  latter, 
while  lasting  no  longer  in  service,  costs  less  than  twice  as  much  as 
lamps  of  16  nominal  candle-power.  The  relative  cost  being  about  as  50 
to  65. 

The  (Z))  32  candle-power  lamp  was  tested  for  current  and  brilliancy, 
for  different  conditions  of  potential,  with  the  following  results : 

Potential.  Amperes.  Candle-isower. 

99—  1.050  23.94 

99  1.189  31.20 

99+  1.268  43.89 

No  test  was  made  of  the  Howell  indicator  from  which  the  potential 
was  read,  and  the  exact  value  of  the  graduations,  above  and  below  the 
normal  liosition  of  the  index  (99  volts),  is  unknown.  Bu.t  the  whole 
range  of  the  scale  was  supposed  to  be  from  93  to  105  volts,  from  which 
it  appears  that  a  slight  change  in  the  potential — such  a  change  as  fre- 
quently takes  place  in  the  operation  of  the  plant,  even  with  reasonably 
constant  manii^ulation  of  the  resistance  box — there  is  a  very  great 
change  in  the  illuminating  povrer  and  cost  of  furnishing  the  light. 

The  reduction  of  the  resistance  reduces  the  potential  and  strength  of 
current,  and  diminishes  the  power  required  to  drive  the  dynamos,  and 
prolongs  the  life  of  the  lamps;  but  with  a  loss  in  the  illuminating 
effect.  So  long  as  the  illumination  is  paid  for  upon  the  weight  of  zinc 
transferred  in  the  voltameters,  there  may  be  no  serious  objection  to  the 
variable  resistance  and  potential,  and  variation  in  the  actual  candle- 
power  of  the  lam^js.  But  should  the  light  be  charged  for  iipon  the 
basis  of  a  given  average  number  of  lamps,  of  a  given  average  candle- 
power,  for  a  given  number  of  hours,  then  it  might  operate  against  the 
interests  of  the  consumer,  in  that  he  may  be  paying  for  considerably 
more  light  than  he  receives. 

An  observer  of  a  lamp  giving  43  candle-jDower  actual  effect,  could 
distinguish  the  reduction,  if  its  power  was  diminished  to  24  candles, 
but  could  form  no  correct  conception  of  the  measure  of  reduction, 
while  the  life  of  the  lamp  would  be  greatly  prolonged  by  the  change  of 
power,  and  the  cost  of  producing  it  diminished  from  20  to  25  per  cent. 

Referring  to  the  table,  a  comparison  of  the  currents  required  to 
maintain  the  lamps,  with  constant  iiotential  (99  volts),  shows  that  the 
electrical  energy,  and  consequently  the  cost,  is  about  the  same  for  weak 
and  strong  lights;  or  while  the  illuminating  power  of  the  lamps  steadily 
diminishes  with  age  (use),  the  strength  of  current  to  maintain  its  bril- 
liancy is  substantially  constant.     Indeed,  it  may  be  shown  by  the  data 
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of  this  test  that  the  electrical  energy  and  cost  of  the  light  becomea 
greater  with  the  climinishecl  candle-power,  thus: 

Nominal  Actual  Potential  Piirrpnt  Electrical  energy, 

candle-power         candle-power  ZZtl  ^^J^Zl  Watts  per  actual 

lamps.  lamps.  ^°"^-  amperes.  candle-power. 

32  (^)  62.44  99  1.25  1.981 

S2{D)  30.16  99  1.31  4.300 

16(F)  36.33  99  0.773  2.106 

16  [E)  16.36  99  0.694  4.199 

Upon  the  w^hole  the  average  current  and  electrical  energy  for  the 
tested  lamps  is  substantially  the  same  as  for  the  new  lamias  of  each  can- 
dle power,  thus: 

32  candle-power,  lamp  {B)  new  lamp 1.25  amperes,  123.75  Watts. 

32  "  lamps  average  all 1.2497      "         123.72 

16  "  lamp  (i^)  new  lamp 0.773        "  76.53       " 

16  "  lamps  average  all 0.761        "  75.34      " 

From  which  it  appears  that  while  the  electrical  energy  and  cost  of 
maintaining  the  brilliancy  of  the  lamp,  during  its  life,  is  reasonably 
constant,  the  cost  of  the  light  furnished  is  in  an  increasing  ratio;  or,  in 
other  words,  while  the  lamps  are  new  the  cost  for  a  given  illumination 
is  but  one-half  of  the  cost  for  the  same  illumination  after  the  lamps  have 
been  in  service  for  a  few  weeks.  With  gas  or  kerosene  a  given  constant 
consumption  of  the  illuminating  material  furnishes  a  constant  power  of 
light,  while  a  diminished  brilliancy  of  light  is  always  accompanied  by  a 
reduced  consumption  of  material  and  a  corresponding  reduction  of  cost; 
•with  the  electric  light  of  the  Edison  incandescent  system,  while  the 
power  of  the  light  steadily  diminishes  with  use,  the  cost  increases  in  a 
corresponding  ratio. 

Of  thirty-three  16  nominal  candle-jDower  lamps 
tested  by  Professor  French,  the  average  bril- 
liancy, when  placed  at  angle  of  45  degrees  to 
the  plane  of  the  photometer  bar,  was 16.99  candle-power.. 

When  jilaced  at  angle  of  90  degrees  to  the  plane 

of  the  bar 14.26 

And  when  placed  parallel  with  the  bar 17.05  " 

Of  the  ten  32  nominal  candle-power  lamps,  the 
average  brilliancy,  when  placed  at  an  angle 
of  45  degrees  to  the  plane  of  the  photometer 
bar,  was 41.08 

When  placed  at  an  angle  of  90  degrees  to  the  plane 

of  the  bar 34.13 

And  when  j^laced  parallel  with  the  bar 40.66  " 

The  angle  of  maximum  illuminating  power  for  the  filament  of  an 
electric  lamp  is  supposed  to  be  45  degrees  to  the  plane  of  the  photometer 
bar;  but  from  these  tests  it  seems  there  is  very  little  difference  in  the 
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average  effects  of  the  lamps  when  the  filament  is  placed  parallel  with  or 
at  an  angle  of  45  degrees  to  the  bar.  But  with  the  filament  placed  flat- 
wise, or  at  right  angles  to  the  bar,  there  is  a  loss  of  illuminating  power 
from  17  to  18  per  cent. 

The  extreme  sensitiveness  of  the  lights  to  slight  changes  in  the  po- 
tential, or  strength  of  current,  was  clearly  shown  during  the  special  test 
for  brilliancy  and  current,  the  power  of  the  light  frequently  changing 
from  20  to  30  per  cent,  while  taking  an  observation.  To  the  writer  it 
seems  that  this  range  and  rapidity  of  variation  in  the  brilliancy  of  the 
light  is  a  dangerous  feature  of  the  incandescent  lighting  system,  espec- 
ially if  the  light  should  be  applied  to  any  close  work  as  reading,  writing, 
drawing,  engraving  and  similar  occui^ations.  For  general  illumination 
the  fluctuations  of  candle-power  may  not  form  a  serious  objection;  but 
the  hurtful  influence  to  the  eye  of  a  light  which  is  rapidly  changing  in 
illuminating  power,  is  generally  recognized  by  occulists. 

The  average  illuminating  power  of  the  thirty-three  16  nominal  candle- 
power  lamps  tested  for  brilliancy,  was  16.199  actual  candle-power;  and 
for  the  ten  32  nominal  candle-power  lamj)s,  38.637  actual  candle-power. 
From  which  the  16  nominal  candle-power  lamps  in  service  during  the 
test  of  eight  days  should  be  increased  in  the  ratio  of  1.0124,  and  the  32 
candle-power  lamjjs,  1.2074,  for  actual  illumination  furnished. 

The  general  average  hourly  number  of  lamps  in  service,  were: 

Of  16  candle-power  lamps 111.961 

Of  32  caudle-power  lamps 29.733 

and  reducing  the  32  nominal  candle-power  lamps  to  an  equivalent  num- 
ber of  16  candle-power  lamps,  and  increasing  both  in  above  ratios,  we 
have  as  the  actual  average  hourly  light  service,  185.15.  16  candle-power 
lights,  costing,  as  jireviously  stated,  for  an  interval  of  192  hours,  .$268. 54. 

3.    PeRFOKIIANCE   of   the   VoiiTAMETEKS. 

The  voltameters  used  by  the  owners  of  the  electric  lighting  plant  to 
measure  the  service  to  the  Depot  Company,  contain  two  thin  zinc  plates 
attached  to  the  positive  and  negative  poles  of  the  cup;  the  transfer  of  the 
zinc  from  the  positive  to  the  negative  jslate — for  any  given  length  of 
time — being  taken  as  the  difference  of  weight  of  the  losing  jjlate  before 
and  after  the  interval. 

In  the  following  table  are  given  the  sums  of  the  losses  of  zinc  be- 
tween 6  A.M.  October  11th,  and  the  same  hour  October  19th,  for  forty 
voltameters,  divided  as  follows: 

5  six-light  meters. 

10  twenty-five-light  meters. 

21  fifty-light  meters. 

4  one  hundred-light  meters. 

The  light  mentioned  in  the  designation  of  the  voltameters,  means 
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nominal  16  candle-power  lights,  from  wliicli  the  meter  cai^acity  of  the 
electric  lighting  jjlant  at  the  Union  Depot  is  equivalent  to  1.730  lamps 
of  16  candle-power. 

Weight  of  Zinc  Pirates  of  Voltameters. 

Grams. 

Six' Light  Meters  (5) : 

Aggregate  weight  5  plates,  October  11th 106 .  770 

19t.h 106.371 

Difiference 0.399 

Twenty-five  Light  Meters  (10) : 

Aggregate  weight  10  plates,  October  lltli 761 .005 

19th 759.118 


t 


Difference 1.887 


Fifty  Light  Meters  (21): 

Aggregate  weight  21  plates,  October  11th 3  068.348 

19th 3  055.427 

Difference 12.921 

One  Hundred  Light  Meters  (4) : 

Aggregate  weight  4  plates,  October  11th 1  252 .  760 

"                     "             "         19th 1246.138 

Difference 6.622 

Total  deposit  for  192  hours 21 .  829 


During  the  weighing  of  the  zinc  plates  of  the  voltameters,  the  phe- 
nomena (which  as  the  writer  Avas  informed  is  not  infrequent)  developed, 
of  the  positive  plate  gaining  instead  of  losing  in  weight;  showing  an 
apparent  reversal  of  current  for  meters  Nos.  23,  24,  31,  32  and  39.  The 
custom  ,in  cases  of  this  kind,  being  to  take  the  gain  of  the  plate  in 
weight,  as  the  measure  of  zinc  transferred. 

Reducing  the  total  dei^osit  of  zinc,  for  eight  days,   to  the   average 

21  S'^O 

transfer  per  second,  we  have,— — — —^ =  0.00003158  gram:  corres- 

^  192  X  GO  X  60  »        » 

ponding  according  to  accepted  authority  in  such  matters  (*),  to  an  aver- 

^    ,0.00003158       _  _„ 
age  current  of  n^,,r|..oqo'  ~  0.0931  ampere. 

The  proportion  of  current  through  the  shunts  of  the  voltameters,  is 
TiiVo  of  the  entire  current;  hence  total  average  current  for  the  time  of 
trial,  Avas 93 . 1  amperes 
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The  average  ilhiminatiou  produced,  was  equivalent  to  185 .  15  lights 
of  sixteen  candle-power,  and  from  the  record  of  the  voltameters  the  cur- 
rent per  16  candle-power  of  actual  light,  was 
qq  1 
C=  ,-|^^  =  0.50283  ampere. 

It  is  claimed  that  the  current  for  a  nominal  16  candle-power  lamp,  is 
about  0.75  ampere;  and  that  this  is  correct  for  average  lamps,  when  the 
potential  diflference  is  maintained  at  99  volts,  is  shown  earlier  in  this 
paper,  where  the  average  for  three  specimen  16  candle-power  lamps  of 
different  ages,  is  0.761  ampere.  But  the  average  illumination  of  185.15 
16  candle-power  lamjas,  from  the  observation  of  the  lighting  service  dur- 
ing the  test  of  eight  days,  are  not  average  lamps  but  actual  lights  of  16 
candle-power  each;  and  by  reference  to  the  tabular  statement  upon  page 
150,  it  will  be  seen  that  while  the  average  current  for  16  candle-power 
lamp  is  0.761  ampere,  the  average  illuminating  power  of  the  tested 
lamps  was  24.597  candles;  hence  by  proportion  the  current   for  a  light 

of  16  actual  candle-power,  should  be, — 9T~co7 —  =  0.495  ampere;    or 

substantially  the  same  current  as  found  from  the  transfer  of  zinc  in  the 
voltameters. 

Adopting  the  formula  employed  by  the  owners  of  the  Electric  Light- 
ing plant,  the  transfer  of  zinc  in  the  voltameters  was  held  to  represent 
an  illumination  during  the  test  of  192  hours,  of  21.829  X  17  X  1000  = 
371.093  candle-power,  or  1  932.77  standard  candles  per  hour;  which  re- 
duced to  lights  of  16  candle-power,  will  be  120.736. 

The  average  lamp  service,  from  actual  observation,  has  been  stated  as 
185.15  lights  of  16  actual  candle-power;  from  which  it  seems  that  the 

voltameters  accounted  for  onlv "   ,^ =  65.21  per  cent,  of  the 

185 . lo 

actual  illumination.     But  the  strength  of   current  per  actual   candle- 

jjower  of   light  furnished,    according  to  the   voltameters,  was   0.0814 

ampere,  and  the  strength  of  current  per  actual  candle-power  of  light, 

from  the  special  test  of  lamps  for  brilliancy  and  current  was,  for  16  candle- 

3.377 
power   lights     „        =0.0341  ampere;  and  for  the  32  candle-power  lights 

"„„  '  =  0.0339  ampere;  or  a  mean  of  0.034  ampere  for  both;  hence  the 

voltameters — upon  the  assumption  that  -n,-  per  cent,  of  the  total  current 
was  shunted  through  them,  and  that  the  accepted  rate  of  transfer  of 
zinc  per  second  j)er  ampere  of  current  (0.0003392  grams)    is   correct — 

really  accounted  for  -1^  X  100  =  92.35  per  cent,  of  the  total  work 

of  the  lamjis. 

Considering  the  fact  of  the  test  for  electrical  energy  required  to  main- 
tain the  lamjis  at  brilliancy,  being  made  subsequent  to  the  general  test 
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for  economy  of  lamp  service  and  illuminating  power  of  lamps;  and  that 
the  test  (for  electrical  energy)  embraced  a  small  number  of  si^ecimen 
lamps,  the  agreement  of  the  work  of  the  voltameters  with  the  observed 
service  of  the  j^lant,  is  reasonably  close. 

It  seems  to  the  writer,  if  the  rate  of  45  cents  per  thousand  standard 
candles  of  illumination,  as  charged  by  the  owners  of  the  Electric  Light- 
ing plant,  is  bona  fide,  that  the  constant  17,  by  which  the  deposit  or 
transfer  of  zinc  in  the  voltameters  is  multiplied,  is  in  error;  and  should 

be  increased  in  the  ratio  of  .t-^t;^— :— 1.5335,  or  should  be  26.07  ;adopt- 

U.D02I 

ing  which  as  the  pi'oper  constant,  the  illumination  accounted  for  by  the 
voltameters,  during  the  test,  was  the  equivalent  of  21.829  X  26.07  X 
1000  =  569  082.03  standard  candles;  corresponding  to  an  average 
hourly  service  of  185.28  lights  of  16  candle-power. 

From  the  work  of  the  voltameters,  and  the  special  test  of  specimen 
lamps  for  brilliancy  and  current,  the  fact  seems  to  be  established,  that 
for  average  lamjis— the  electrical  energy  per  unit  of  light  is  substan- 
tially alike  for  16  and  32  candle-power  lamps;  and  the  electrical  energy 
l^er  unit  of  light  (candle-power),  is  practically  constant  for  any  given 
lamp  operating  under  different  conditions  of  potential;  that  is  to  say, 
■with  a  16  nominal  candle-power  lamp,  yielding  with  one  potential  an 
illumination  of  16  candles,  the  electrical  energy  is  increased  or  dimin- 
ished in  direct  proiDortion,  as  the  jjotential  and  power  of  the  light  is 
increased  or  diminished.  This  statement,  however,  must  not  be 
confounded  with  a  previous  statement,  that  as  the  age  (use)  of  the  lamp 
increases  the  electrical  energy  per  actual  candle-power  of  the  light  also 
increases,  and  that  the  total  energy  for  any  one  lamp  does  not  vary  ma- 
terially between  its  highest  and  lowest  power  of  illumination,  but  must 
be  understood  as  applying  to  a  given  lamp  at  a  given  age. 

4.  ReiiAtion  of  the  Wokk  op  the  Engines  to  the  Work  of  the 
Dynamos,  and  Relation  of  the  Wokk  op  the  Dynamos  to  the 
Egectrical  Energy  realized  in  the  Lamps. 

During  the  five  days  of  the  test  (October  13th-17th  inclusive),  while 
the  engines  were  being  indicated  for  poAver,  the  average  indicated  horse- 
power—for  the  day  service — was  20.306,  and  the  average  illumination 
reduced  to  lights  of  16  actual  candle-power  each,  was  95 .  52. 

No  tests  were  made  for  friction  of  the  engines  and  jack-shafts,  but 
from  tests  of  similar  engines  and  connectors,  it  is  assumed  that  of  the 
indicated  power  during  the  day  service  the  friction  losses  were  as  fol- 
lows : 

Friction  of  engine,  without  load 1.09   horse-power. 

additional  due  load .   0.96 

jack-shaft 0.61 

Total  friction 2.66 
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or  about  13  per  cent,  of  the  indicated  power  was  absoi'bed  by  Motional 
losses,  leaving  17.615  horse-power  to  be  transmitted  to  the  dynamos;  of 
this,  however,  3.516  per  cent,  was  lost  by  slip  of  belts,  and  the  net 
power  actually  delivered  to  the  dynamos  was  approximately  17.02,  or 
expressed  in  terms  of  electrical  energy  12  696.92  Watts. 

The  lamp  service  during  the  daylight  hours  is  given  above  as  the 
equivalent  of  95.52  lights  of  16  candle-power;  and  the  electrical  energy 
per  lamp,  3.377  x  16  =  54.032  Watts;  and  the  electrical  energy  repre- 
sented by  the  actual  illumination  was : 

Watts  =  95.52  x  54.032  =  5  161.136, 

or  of  the  net  work  of  the  driving  engines  transmitted  to  the  armature 
of  the  dynamos,  only  40.64  i^er  cent,  was  realized  in  the  work  of  the 
lamps. 

No  statement  could  be  made  of  the  electrical  energy  developed  by 
the  dynamos  during  the  day  service  of  the  j)lant;  from  the  fact  of  the 
ammeters  lieiug  so  constructed  that  considerable  current  was  produced 
before  the  index  woiild  move  from  the  zero  point,  and  this  additive  quan- 
tity being  unknown,  readings  of  the  ammeters  below  100  amperes  could 
not  be  made  with  any  degree  of  accuracy,  and  were  accordingly  omitted 
in  making  the  record  of  trial. 

The  statement  of  the  independent  work  of  the  dynamos  is  therefore 
of  necessity  limited  to  the  night  service  of  the  plant,  when  the  average 
reading  of  both  ammeters  was  over  160  amperes,  and  the  least  reading 
of  either,  110  amperes;  the  indications  of  the  instruments,  being  ac- 
cepted as  reasonably  reliable  after  the  index  passed  the  first  graduation 
(100  amperes),  when  the  unknown  strength  of  current  required  to  start 
the  needle  from  zero  was  eliminated. 

In  the  following  table  are  given  the  average  indications  of  the  am- 
meters, during  the  night  service,  from  October  13th  to  17th,  inclusive; 
corresponding  with  the  intervals  when  the  driving  engines  were  being 
indicated  for  i:)ower. 

Stkength  of  Cukrent. 

Date.  East  Dynamo      West  Dynamo    ^otal  Amperes. 

Amperes.  Amperes.        j.u.,a,i  ixiupcicij. 

October  13th. 163.330  150.000  313.330 

14th 175.909  160.000  335.909 

15th 166.875  181.000  347.875 

16th 150.000  147.500  297.500 

17th 159.000  159.000  318.000 

Average 322.523 

The  average  indicated  horse-jjower  during  the  night  service  was 
70.705,  of  which  the  losses  by  friction  are  estimated  as  folloAvs,  for  each 
engine : 
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riiction  of  engine,  wifcLout  load 1 .0902  horse-power. 

"  *'  additional  due   load.   1.7181  ■" 

jack-shaft 0.6092 

Total  friction,  one  engine 3.4125  " 

Total  friction,  both  engines 6 .8250 

in  round  numbers,  9.65  per  cent,  of  the  indicated  power,  leaving  63.88 
horse-jjower  to  be  transmitted  to  the  dynamos — less  the  slip  of  belts — 
3.516  per  cent.,  or  2.25  horse-power;  and  net  work  of  engines  actually 
delivered  to  the  dynamos,  61.63  horse-power;  or,  in  terms  of  electrical 
energy,  45  975.98  'Watts. 

The  work  of  the  dynamos  during  the  night  service  was  carefully 
observed,  with  the  following  results: 

Average  difference  of  potential 99  volts. 

Average  strength  of  current 322.523  amperes. 

and  average  electrical  energy 322.523  x  99  =  31  929.777  Watts, 

l^lus  losses  not  measured  between  the  dynamos  and  testing  instruments. 

(The  ammeters  and   volt  indicators  were  closely  connected  with  the 

dynamos,  with  no  intermediate  circuit  connections,  and  the  losses  must 

have  been  trifling). 

Of  the  net  jiower  of  the  engines  actually  transmitted  to  the  dynamos; 

31  929.777 

■  -  „*! '  „„    X  "100  =  69.45  per  cent.,  was  realized  in  the  work  of  the 
45  975.98 

dynamos.  This  difference  of  energy,  or  loss  of  iiseful  work  of  over  30 
per  cent.,  may  be  separated  into  two  quantities;  that  due  to  friction  of 
the  dynamo  armatures  in  their  bearings,  and  that  due  to  the  resistance 
in  the  field  of  the  dynamos.  Allowing  7  per  cent,  of  the  reduction  of 
work  for  the  friction  of  the  armatures,  then  23  pqr  cent,  is  absorbed  in 
overcoming  the  resistance  within  the  dynamo. 

The  lamps  in  service  during  the  intervals,  when  the  work  of  the 
engines  and  the  work  of  the  dynamos  were  simultaneously  measured, 
were  equivalent  to  429.319  lights  of  16  candle-power;  and  the  electrical 
energy  represented  by  the  actual  illumination  was: 

429^319  X  54.032  =  23  196.96  Watts; 
or  of  the  net  work  developed  by  the  dynamos: 
^      23  196.96         .^.       ^^  ^^ 
•^  =  31  929.777  X  l^^  =  72-05  per  cent., 

Avas  accounted  for  in  the  electrical  energy  of  the  lights. 

Omitting  the  mechanical  losses  due  to  friction  of  engines,  extra  fric- 
tion due  to  load  and  friction  of  jack-shafts,  only  a  trifle  over  one-half 
(50.45  per  cent.)  of  the  net  power  transmitted  to  the  dynamos,  is  actu- 
ally realized  in  the  work  of  the  lamps;  and  taking  the  day  and  night 
service  together,  which,  for  commercial  purposes,  is  the  proper  mode  of 
estimating  the  net  efliciency  of  a  plant  for  artificial  illumination;  then 
of  the  net  engine  power  delivered  to  the  dynamos,  but  45.5  per  cent,  is 
iictually  realized  in  the  illumination  turnished. 
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This  test  was  made  to  ascertain,  not  particulai*  losses,  or  causes  of 
loss,  but  the  relative  cost  of  electric  and  gas  lighting,  and  no  other 
data  were  taken  than  enough  to  determine  this  question,  excepting  the 
special  test  of  specimen  lamps  (before  noted)  for  brilliancy  and  current. 

The  writer  is  not  sufficiently  familiar  with  current  literature  upon 
the  incandescent  electric  light  to  know  how  favorably  the  efficiency  of 
this  i^lant  as  a  whole,  comj)ares  with  other  i^lants  which  have  been 
tested;  but  he  has  been  assured  by  others  interested  in  lighting,  that 
this  Central  Depot  plant  was  of  a  representative  character,  and  that 
upon  test  it  would  compare  favorably  with  any  other  isolated  Edison 
plant  in  similar  service.  If  this  is  true,  then  the  large  losses  between 
the  driving  engines  and  the  current  generators,  and  between  the  motive 
power  and  the  illumination  produced,  shoiild  be  the  means  of  stimu- 
lating electrical  engineers  to  a  remedy;  the  effect  of  which  will  of 
course  be  to  reduce  the  cost  of  producing  the  light. 

Constnactors  of  Edison  electric  lighting  plants  are  aociistomed  to 
estimate  eight  16  actual  candle-power  lights  to  each  indicated  horse- 
power of  driving  engines;  which,  if  realized  in  practice,  would  have  a 
marked  effect  on  the  cost  and  relative  economy  of  incandescent  electric 
lighting;  but  from  this  test,  the  ratio  of  lamps  of  16  nominal  candle- 
power,  to  each  indicated  horse-power  of  engine  was 

For  the  day  service,  including  October  16th  (Sunday)  4.357 

For  the  day  service,  omitting  October  16th 4.728 

For  the  night  service,  including  October  16th 5. 547 

For  the  entire  daily  service  (24  hours),  including  Oc- 
tober 16th 4.952 

For  the  entire  daily  service  (24  hours),  omitting  Oc- 
tober 16th 5.136 

It  will  probably  be  more  accurate  to  state  the  number  of  lamps  or 
lights  of  16  actual  candle-power  per  indicated  horse-power  of  driving 
engines.  The  average  indicated  horse-power  of  engine  for  the  day  ser- 
vice, for  five  days,  including  October  16th,  was  20.306,  and  the  average 
actual  illumination  for  same  time,  95.52  lights  of  16  caudle-power;  and 
lamps  per  indicated  horse-power: 

_  ^5^52  _ 
^-2U.3U6-*-^"*' 

The  average  indicated  horse-power  for  the  night  service,  including 
October  16th,  was  70.707,  and  average  actual  illumination  for  same 
time,  429.319  lights  of  16  candle-power;  and  lamjis  per  indicated  horse- 
power : 

70.707 
or,  for  continuous  day  and  night  service,  5.388  lamps  of  16  candle-power 
each,  per  indicated  horse-power  of  engine.     From  which  it  will  be  seen. 
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"that,  even  under  the  most  favorable  conditions  of  load  and  service  for 
this  plant,  the  number  of  lamps  i^er  horse-power  is  twenty-five  per  cent, 
below  the  proportion  of  lamps  to  power  assigned  by  constructors. 

Incidental  to  the  performance  of  the  boilers  which  furnished  the 
steam  for  the  engines,  the  following  data  are  given. 

Non-combustible  in  the  coke 5.21  per  cent. 

Steam  per  pound  of  coke,  from  and  at  212 

degrees  Fahr 8.38  pounds. 

Steam  per  pound  of  coke,  from  temperatiire 

of  feed  water  (65  degrees  Fahr.) 7.266      " 

The  efficiency  of  the  steam  from  thirty -four  tests  was  0.97564,  equiva- 
lent to  an  entrainmeut  of  3.336  per  cent,  of  the  total  feed  water  sup- 
plied to  the  boilers. 

5.  Notes  of  Explanation  of  the  Tables  of  Data. 

The  record  of  the  lights  in  hoiirly  service  in  and  about  the  Depot 
T)uilding,  may  for  convenience,  be  divided  into  (a)  lights  throughout 
the  building,  not  including  the  train  shed,  omnibus  court,  Smith  street 
cross  lights,  or  American  Express  building;  {b)  lights  in  the  train  shed, 
omnibus  court,  cross  lights  over  the  railroad  tracks  west  of  the  station; 
(c)  lights  in  the  American  Express  building. 

Lights  (a)  and  (b)  were  taken  by  two  sets  of  observers,  day  and 
night,  during  the  eight  days  of  trial.  Lights  (c)  were  taken  for  the 
nights  of  October  18th,  19th  and  20th,  and  averaged  for  the  trial. 
Lights  (a)  were  read  hourly,  and  averaged  for  the  day  service,  6  a.m.  to 
5  P.M.,  and  for  the  night  service,  6  p.m.  to  5  a.m.,  and  for  shorter  day 
and  night  intervals,  to  correspond  with  the  intervals  during  which  the 
work  of  the  engines  and  current  generators  were  being  measured. 
Lights  {b)  were  read  by  rows  from  the  switch-board  in  the  train  shed, 
for  the  intervals  and  total  time  of  service  for  each  night  of  the  test. 
Lights  (c)  were  read  for  intervals  and  total  time  of  service  each  night, 
and  also  by  hours,  from  6  p.m.  to  6  a.m. 

Tables  "A  "  to  "E,"  inclusive,  embrace  the  lamps  in  service  during 
the  entire  trial,  in  detail  as  follows:  Table  "  A  "  contains  the  record  of 
the  day  service  of  lamps  in  the  Depot  building,  from  6  a.m.  to  5  p.m. 
for  each  of  the  eight  days  of  test.  Table  "B"  contains  the  record  of 
the  night  service  of  lamps  in  the  Dei:)ot  building,  6  p.m.  to  5  a.m.,  for 
each  day  of  the  eight  days  of  test. 

Referring  to  Tables  "A"  and  "B,"  columns  1  to  14,  inclusive,  are 
explained  by  the  headings;  column  15,  Table  "A,"  contains  the  average 
hourly  lamps  for  that  portion  of  the  day,  10  a.m.  to  5  p.m.,  inclusive,  dur- 
ing which  the  power  of  the  driving  engines  was  measui'ed;  and  column 
16  contains  the  average  of  lamps  per  hour  for  the  entire  day  (12  hours). 
Oolumn  15,  Table   "B,"  contains  the  average  of  hourly  lamps  for  that 
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portion  of  the  night,  6  p.m.  to  10  p.ji.,  inclusive,  during  which  the 
power  of  the  driving  engines  and  work  of  the  dynamos  were  measured, 
and  column  16  contains  the  average  lamps  per  hour  for  the  entire  night 
(12  hours). 

Table  "C"  contains  the  lamps  in  sersice  in  the  warerooms  and 
stables  of  the  American  Express  Company,  for  the  dates  noted;  divided 
into  sub-tables,  "  C  "  1,  containing  the  hourly  record  of  lamps  in  ser- 
vice; "C  "  2,  containing  the  average  hourly  service,  between  5  p.m.  and 
7  A.M.;  and  "C"  3,  the  average  hourly  service  between  5  p.m.  and  10 
P.M.,  corresponding  with  the  hours  during  which  the  work  of  engines 
and  dynamos  were  measured. 

Tables  "  D  "  and  "  E  "  exhibit  the  lamp  service  for  the  eight  days 
of  test  in  the  train  shed.  (This  embraces  the  rows  of  lights  over  the 
railroad  tracks,  the  lights  in  the  lobby  at  the  east  end  of  the  shed 
known  as  the  gate  row,  the  lights  in  the  omnibus  court  at  the  easterly 
■entrance  of  the  depot,  and  the  lights  along  the  tracks  west  of  the  depot. 
These  lamps  are  divided  into  twelve  rows  or  series,  and  controlled  from 
a  single  switch-board  in  the  train  shed).  In  recording  the  service  the 
observer  noted  the  rows  and  times  of  ojiening  and  closing  the  circuits 
on  the  switch-board;  and  the  tables  contain  the  total  time  for  which 
each  particular  series  of  lamps  were  in  use  for  each  day  of  the  test. 

The  form  of  subdivisions  of  tables  "  D  "  and  "E"is  alike  for  all. 
At  the  head  is  given  the  date  for  which  such  table  is  compiled.  Column 
1  contains  the  number  on  the  switch-board  of  the  series  or  row  of  lamps; 
column  2  contains  the  number  of  lamps  in  the  row;  column  3  contains 
the  hours  and  minutes  of  service;  column  4  contains  the  lamp  hours, 
and  is  the  product  of  the  lamps  in  the  series  multiplied  by  the  hours 
and  decimal  of  service;  column  5  contains  the  average  lamps  in  service 
per  hour,  estimated  for  the  hours  between  which  the  respective  series 
of  lamps  are  first  lighted  and  last  extinguished.  Series  1,  2,  3,  4,  5,  6, 
8,  9,  11  and  12  are  taken  for  six  hours,  series  7  for  twelve  hours,  and 
series  10  for  seven  hours. 

Table  "F"  exhibits  the  total  average  lamps  for  the  night  service, 
from  6  P.M.  to  6  a.m.,  and  brings  together  the  lamps  for  the  depot 
iDuilding,  American  Express  Company  building  (which  is  furnished 
with  light  from  the  electric  lighting  plant),  and  train  shed.  The  head- 
ings of  the  columns  sufficiently  explain  their  contents. 

Table  "  G  "  exhibits  the  same  data  as  Table  "  F,"  but  for  the  inter- 
val of  time  embraced  between  the  hours  of  6  p.m.  and  10  p.m. 

Table  "  H"  contains  the  average  revolutions  of  the  driving  engines, 
arranged  for  the  day  and  night  service  of  the  plant. 

Table  "  J  "  exhibits  a  comparison  of  the  speeds  of  engines  and  dyna- 
mos for  same  intervals  of  time,  and  shows  the  slip  of  belts,  or  loss  of 
motion  between  the  engine  and  dynamo  pulleys.  The  contents  of  the 
columns  will  be  understood  from  the  respective  headings.     (Assummg 
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no  slip  of  belts,  the  revolution  of  the  dynamo  armature  should  be 
directly  as  the  diameters  of  driving  and  inversely  as  the  diameters  of 
driven  pulleys.)  The  pulleys  were  carefully  measured  for  circiimference 
with  a  Chesterman  tape,  and  found  to  be  of  diameters  as  stated  earlier 
in  this  paper.  The  speeds  given  in  column  5  of  this  table  are  obtained 
by  multiplying  the  known  sj^eeds  of  engines  by  5.207  or  5.132  resj)ec- 
tively,  and  the  laercentage  of  engine  speed  realized  by  dynamo,  column 
6  is  had  by  multiplying  the  values  in  column  4  by  100,  and  dividing  by 
the  values  given  in  column  5. 

Table  "  K "  exhibits  the  indicated  horse-power  of  the  driving  en- 
gines, arranged  for  the  day  and  night  service  of  the  plant. 

Table  "  L  "  exhibits  the  performance  of  the  boilers  during  certain 
intervals  of  the  eight  days  of  the  trial,  divided  into  two  sub-tables,  of 
observed  and  calculated  data. 

Table  "M  "  exhibits  the  calorimeter  work  for  test  of  the  quality  of 
steam  furnished  by  the  boilers,  and  contains  the  averages  of  thirty-four 
observations  of  weights  of  steam  condensed,  water  heated  by  the  steam, 
and  initial  and  final  temperatures  of  water  heated;  the  co-efficient  of 
saturated  steam  0.9666  was  used  to  reduce  the  apparent  to  the  actual 
evaporation  in  Table  "  L." 

Table  *'N"  exhibits  in  parallel  columns  the  indicated  horse-power 
of  the  engines;  average  lamps  in  hourly  service  for  the  intervals  during 
which  the  power  of  engines  was  measured;  equivalent  lamjjs  of  16 
nominal  candle-ijower;  and  number  of  16  nominal  candle-power  lamps 
per  indicated  horse-power  of  engines.  The  actual  16  and  32  candle- 
power  lamjjs  given  in  column  4  are  taken  from  the  hourly  records  shown 
in  detail  in  tables  "A"  to  *'E;"  and  the  32  candle-i^ower  lamps  are 
reduced  to  the  equivalent  number  of  16  candle-power  lamps  in  the  ratio 
of  two  to  one,  in  accordance  with  the  results  given  under  head  of  "Il- 
luminating Power  of  Lamps,"  wherein  it  aj^pears  that  the  electrical 
energy  per  actual  candle-power  of  the  specimen  16  and  32  nominal 
candle-power  lamps  tested  for  brilliancy  and  current  are  alike,  or  3.377 
and  3.363  Watts  respectively. 
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TABLE  "A." 

HouKiiT  Eecokd  of  Day  Lamps. 
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Time. 

fH 

-*^ 

oa  " 

P. 

Date. 

A.M. 

P.M 

2  a 

o 

6 

7 

8 

9 

10 

11 

80 

12 
64 

1 
81 

2 
90 

3 

4    ■ 

5 

< 

< 

Oct.  11. 

16 

85 

71 

94 

71 

70 

91 

92 

126 

84.58 

32 

6 

5 

8 

10 

7 

9 

8 

9 

12 

10 

12 

10 

8.83 

'    12. 

16 

92 

73 

89 

85 

83 

82 

72 

69 

82 

85 

87 

116 

84.58 

'      " 

32 

6 

5 

8 

10 

10 

10 

8 

9 

10 

10 

10 

10 

8.83 

•     13. 

16 

91 

75 

72 

73 

70 

70 

66 

62 

74 

78 

83 

106 

81.20 

76.66 

•      .< 

32 

7 

5 

7 

9 

9 

10 

7 

8 

9 

9 

10 

11 

9.73 

8.42 

'     14. 

16 

100 

68 

86 

99 

86 

86 

70 

61 

76 

85 

85 

118 

86.06 

85.00 

32 

7 

5 

11 

10 

10 

10 

7 

8 

8 

9 

10 

10 

9.29 

8.75 

•     15 

16 

90 

79 

83 

76 

83 

79 

64 

67 

80 

84 

87 

111 

85.51 

81.92 

1      i< 

32 

5 

7 

9 

11 

11 

12 

n 

10 

9 

12 

12 

10 

11.36 

9.916 

'     16. 

16 

87 

66 

61 

39 

£9 

28 

28 

30 

29 

29 

31 

34 

29.86 

40.92 

'      " 

32 

10 

6 

7 

6 

6 

6 

5 

5 

5 

5 

4 

4 

4.85 

5.75 

'     17. 

16 

113 

76 

86 

92 

78 

77 

66 

63 

72 

81 

87 

113 

79.85 

83.666 

<      «. 

32 

8 

7 

9 

10 

10 

11 

9 

10 

10 

10 

10 

14 

10.57 

9.83 

'     18. 

16 

97 

72 

80 

82 

75 

82 

74 

71 

84 

88 

93 

142 

86.666 

32 

7 

6 

8 

10 

10 

10 

9 

10 

10 

10 

12 

14 

9.666 

TABLE  "B." 

HouRiiY  Eecokd  of  Night  Lamps. 

(E.Kcliisive  of  Train  Shed  and  Express  Office.) 


Time. 

05   «' 

Utn 

o2 

■^ 

s;'^ 

Date. 

o 

P.M. 

A.M. 

<  a 

o 

2  a 

to 

-*il 

^ 

6 

7 

8 

9 

10 

11 

12 

1 

76 

2 
76 

3 

4 

5 

a 

^ 

Oct.  11 

16 

248 

231 

226 

182 

138 

125 

78 

76 

74 

77 

133.91 

and  12 

32 

35 

34 

35 

32 

23 

21 

5 

5 

5 

5 

6 

7 

17.75 

Oct.  12 

16 

276 

256 

255 

247 

214 

162 

82 

78 

79 

77 

78 

81 

157.08 

and  13 

32 

39 

38 

35 

35 

29 

23 

6 

5 

5 

5 

5 

8 



19.42 

Oct.  13 

16 

278 

231 

229 

212 

182 

129 

91 

77 

75 

75 

73 

77 

226.4 

144.08 

and  14 

32 

31 

31 

31 

29 

27 

21 

7 

7 

7 

7 

7 

7 

29.817.666 

Oct.  14 

16 

252 

225 

230 

209 

181 

135 

84 

81 

77 

77 

78 

80 

219.4142.41 

and  15 

32 

32 

31 

31 

29 

■22 

19 

8 

7 

6 

fi 

6 

8 

29.0 

17.08 

Oct.  15 

16 

261 

226 

222 

213 

184 

149 

88 

82 

79 

77 

76 

80 

221.2 

144.75 

and  16 

32 

29 

31 

31 

31 

22 

19 

5 

5 

5 

6 

6 

7 

28.8 

16.42 

Oct.  16 

16 

210 

220 

216 

199 

176 

120 

82 

81 

77 

77 

77 

80 

204.2 

134.58 

and  17 

32 

30 

29 

29 

27 

27 

19 

7 

7 

7 

7 

7 

9 

28.4 

17.08 

Oct.  17 

16 

277 

226 

228 

217 

179 

134 

86 

81 

78 

77 

76 

78 

225.4 

144.75 

and  18 

32 

31 

30 

30 

28 

22 

20 

7 

7 

7 

6 

6 

7 

28.2 

16.75 

Oct.  18 

16 

266 

229 

157 

218 

187 

142 

88 

82 

79 

78 

78 

81 

140.4 

and  19 

32 

32 

31 

31 

29 

25 

20 

5 

5 

5 

5 

5 

7 

18.0 
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TABLE  "C." 

American  Express  Office  and  Stable  Lamps. 

Record  of  Lamias  by  Hours. 


_H 

P.M. 

A.M. 

Date. 

^.2d 

6 

7 

8 

9 

10 

11 

12 

1 

2 

3 

1 

6 

6 

Oct.  18 

16 

11 

10 

2 

1 

1 

1 

1 

0 

0 

0 

5 

5 

5 

and  19 

32 

5 

7 

2 

2 

2 

2 

2 

2 

2 

2 

4 

4 

4 

Oct.  19 

16 

10 

10 

5 

1 

1 

1 

0 

0 

0 

0 

4 

5 

2 

and  20 

32 

6 

7 

2 

2 

2 

2 

2 

2 

2 

2 

3 

3 

3 

Oct.  20 

16 

10 

10 

4 

1 

1 

1 

0 

0 

0 

0 

4 

5 

2 

and  21 

32 

6 

7 

2 

2 

2 

2 

2 

2 

2 

2 

4 

4 

4 

Between  5  p.m.  and  7  a.m. 


October  18-19.     Average  hourly  16  c.  p 


October  19-20. 
October  20-21. 
Average  for  three  nights, 


32  c. 
16  c. 
32  c. 
16  c. 
32  c. 
16  c. 
32  c. 


lamps 3.215 

3.291 

3.19i 

2.263 

3.125 

3.402 

3.178 

2.985 


Between  5  p.m.  and  10  p.m. 


October  18.     Average  hourly  16  c.  p 

32  c.  p 

October  19.  "  16  c.  p 

"  32  c.  p 

16  c.  p 
32  c.  p, 
16  c.  p 
32  c.  p 


October  20. 


Average  for  three  uights, 


lamps . 


.4.73 

.3.50 

.5.46 

.4.05 

.5.28 

.3.70 

.5.157 

.3.75 
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TABLE  "D." 

Record  of  Lamps.     Train  Shed. 
All  32  c.  p.  Lamps. 


OCTOBEB   llTH. 

October  12th. 

No.  of 
Row. 

Pi 
1 

i3 

Service. 
Hre.    Min. 

Lamp 
Hours. 

Average 

Lamps    per 

Hour. 

No.  of 
Row. 

i 

(-3 

Service. 
Hrs.    Min. 

Lamp 
gpurs. 

Average 
Lamps    per 
Hour. 

1 

7 

3    23 

23.681 

3.947 

1 

7 

3    00 

21.   00 

3.500 

2 

7 

1    33 

10.8J0 

1.808 

2 

7 

2    47 

19.481 

3.247 

3 

7 

i    08 

28.931 

4.822 

3 

7 

4     04 

28.462 

4.744 

4 

6 

I     54 

11.400 

1.900 

4 

6 

2    35 

15.498 

2.583 

5 

7 

3    04 

21.462 

3.577 

5 

7 

3    10 

22.162 

3.694 

6 

6 

0    57 

5.700 

0.950 

6 

6 

2    55 

17.496 

2.916 

7 

6 

11     37 

69.696 

5.808 

7 

8 

12     14 

97.864 

8.155 

8 

6 

1     38 

9.798 

1.6a3 

8 

6 

3    17 

19.698 

3.283 

9 

9 

2    23 

21.447 

3.574 

9 

9 

3    09 

28.350 

4.725 

10 

7 

5    37 

39.312 

5.616 

10 

7 

6    17 

43.981 

6.283 

11 

6 

2    40 

15.996 

2.666 

11 

2 

6    02 

12.066 

2.011 

12 

14 

4    04 

56.924 

9.487 

12 

14 

4    03 

56.700 

9.450 

October  13th. 


No.  of 
Row. 

1 

Serv 
Hrs. 

ice. 
Min. 

Lamp 
Hours. 

Average 

Lamps     per 

Hour. 

1 

7 

2 

41 

18.781 

3.130 

2 

7 

1 

58 

13.762 

2.294 

3 

7 

4 

12 

29.400 

4.900 

4 

6 

2 

34 

15.396 

2.566 

5 

7 

2 

07 

14.840 

2.473 

6 

6 

1 

59 

11.898 

1.983 

7 

8 

11 

38 

93.064 

7.755 

8 

6 

3 

09 

18.900 

3.150 

9 

9 

2 

56 

26.397 

4.399 

10 

7 

6 

31 

1  45.612 

6.516 

11 

4 

5 

02 

20.132 

3.355 

12 

14 

4 

48 

67.200 

11.200 

October  14th. 


No.  of 
Row. 


Service. 

Lamp 

Hrs. 

Min. 

Hours. 

I 

55 

13.412 

I 

37 

11.312 

3 

53 

27.181 

2 

36 

15.600 

3 

31 

24.612 

3 

45 

22.500 

12 

13 

97.728 

2 

44 

16.398 

2 

58 

26.694 

5 

42 

39.900 

4 

26 

17.732 

4 

33 

63.700 

Average 

Lamps    per 

Hour. 


2.235 
1.885 
4.5.30 
2.600 
4.102 
3.750 
8.144 
2.733 
4.450 
5.700 
2.955 
10.616 


Note.— Row  7  averaged  for  12  hours.    Row  10  averaged  for  7  hours.    All  others  averaged 
for  6  hours. 
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TABLE   "E." 

Record  of  Lamps — Train  Shed. 

All  32  c.  p.  Lamps. 


OCTOBEK  15th. 

OCTOBEB  16th, 

No.  of 
Row. 

ft 

1 

Service. 
Hrs.    Min. 

Lamp 
Hours. 

Average 

Lamps    per 

hour. 

No.  of 
Row. 

in 

g 
3 

Service. 
Hrs.  Min. 

Lamp 
Hours. 

Average 

Lamps    per 

hour. 

1 

7 

2      44 

19.131 

3.1P8 

1 

7 

1      54 

13.300 

2.216 

2 

7 

1      16 

8.862 

1.477 

2 

7 

1       02 

7.231 

1.205 

3 

7 

2      29 

17.381 

2.897 

3 

7 

3      10 

22.162 

3.694 

4 

6 

1      51 

11.100 

1.850 

4 

6 

1      40 

9.996 

1.666 

5 

7 

3      06 

21.700 

3.616 

5 

7 

2      36 

18.201) 

3.033 

6 

6 

3      44 

22.398 

3.733 

6 

6 

2      11 

13.098 

2.183 

7 

8 

11      45 

94.000 

7.833 

7 

8 

11      13 

89.728 

7.477 

8 

6 

2      49 

16.896 

3.816 

8 

6 

2      04 

12.396 

2.066 

9 

9 

2      38 

23.697 

3.949 

9 

9 

2       37 

23.544 

3.924 

10 

7 

6      17 

43.981 

6.283 

10 

7 

5      38 

39.431 

5.633 

11 

4 

5      01 

20.064 

3.344 

11 

4 

5      29 

21.932 

3.655 

12 

14 

4      05 

57.162 

9.527 

12 

14 

4      14 

59.262 

9.877 

October  17th. 

October 

18th. 

No.  of 
Row. 

ft 

a 

Service. 
Hrs.     Min. 

Lamp 
Hours. 

Average 

Lamps    per 

Hour. 

No.  of 
Row. 

ft 

a 
,3 

Service. 
Hrs.  Min 

Lamp 
Hours. 

Average 

Lamps    per 

hour. 

1 

7 

2      10 

15.162 

2.527 

1 

7 

2      85 

18.081 

3.013 

2 

7 

1      13 

8.512 

1.419 

2 

7 

1      46 

12.362 

2.060 

3 

7 

3      28 

24.202 

4.044 

3 

7 

3      46 

26.362 

4.394 

4 

6 

1      51 

11.100 

1.850 

4 

6 

3      17 

19.6i)8 

3.283 

5 

7 

3      13 

22.512 

3.752 

5 

7 

3      49 

26.712 

4.452 

6 

6 

3      05 

18.498 

3.083 

6 

6 

3      48 

22.800 

3.800 

7 

8 

11      45 

94.000 

7.833 

7 

8 

11      45 

94.000 

7.833 

8 

6 

1      39 

9.900 

1.650 

8 

6 

3      44 

22.398 

3.733 

9 

9 

2      46 

24.894 

4.149 

9 

9 

3      05 

27.747 

4  624 

10 

7 

6      06 

42.700 

6.100 

10 

7 

6      04 

42.462 

6.066 

11 

4 

5      45 

23.000 

3.833 

11 

4 

6      00 

24.000 

4.000 

12 

14 

4      30 

63.000 

10.500 

12 

14 

4      57 

69.300 

11.550 
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Totaij  Average  Lamps  Night  Service — 6  p.m.  to  6  a.m. 
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Date. 

Lamps. 

Nominal 

c.  p. 

Building. 

EXPEESS 

Office. 

Teain 
Shed. 

TOTAI.. 

October  11    

16 
32 
16 
32 
16 
32 
16 
32 
16 
32 
16 
32 
16 
32 
16 
32 

133.91 

17.75 
157.08 

19,42 
144.08 

17.666 
142.41 

17.08 
144.75 

16  42 
134.58 

17.08 
144.75 

16.75 
140.40 

18.00 

3.178 

2.985 
3.178 
2.985 
3.178 
2.985 
3  178 
2.985 
3.178 
2.985 
3.178 
2.985 
3.178 
2.985 
3.178 
2.985 

137.088 

26.266 

47.001 

'      12 

160.258 

31.897 

54.302 

'      13 

147.258 

31.282 

51.933 

'      14 

145 . 588 

31.397 

51.462 

'      15 

147.928 

29.697 
'27.523" 

49 . 102 

'      16 

137.758 

47.598 

'      17 

147.928 

29.795 

49 . 530 

'      18 

143 . 578 

33.827 

54.812 

TABLE  "G." 

Total,  Average  Lamps  Night  Service— 6  p.m.  to  10  p.m. 


Date. 

Lamps. 

Nominal 
c.p. 

Building. 

Expeess 
Office. 

Teain 
Shed. 

J 

Total. 

Octol 

ser  11 

16 
32 
16 
32 
16 
32 
16 
32 
16 
32 
16 
32 
16 
32 
16 
32 

205.00 

31.8 
249.6 

35.2 
226.4 

29.8 
219.4 

29.0 
221.2 

28.8 
204.2 

28.4 
225.4 

28.2 
211.4 

29.6 

5.157 
3.750 
5.157 
3.750 
5.157 
3.750 
5.157 
3.750 
5,157 
3.750 
5.157 
3.750 
5.157 
3.750 
5.157 
3.750 

45^788 
54^591 
53!72i 
53! 766 
50 '513 
46*629 
56! 740 
58^808 

210.157 
81.338 

'      12   

254.757 

93.541 

'      13 

231.557 

87.271 

'      14 

224.557 

86.450 

'      15 

226.357 
83.063 

'      16 

209.357 
78.779 

'      17 

230.557 

82.790 

'      18 

216.557 

92.158 
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TABLE  "H." 
Speed  of  Engines — Revolutions  per  Minute. 


Date. 

Time. 

East  Engine. 

West  Engine. 

Octobfir  12 

Day      

225.96 

229.60 

Counter  oflf 

228*89 
229.59 
221.62 

230  .'so 
229 . 86 
226.59 

227 '36 

233  92 

'      12 

Night 

Day 

Nii^ht 

230  00 

'      13 

■      13.   ■      

233  36 

'      14 

'      14 

Day    

231.84 

Night 

Counter  off. 

'      15 

Day   

'      15 

Night 

Day 

Nij,'ht 

Day 

Nii^ht 

232  47 

'      16 

231.96 

'      16 

237  03 

'      17 

'      17 

233 . 20 

'      18 

'      18 

Day 

235.68 

Night 

231.97 

TABLE  "J." 
Comparison  of  Speed — Engines  and  Dynamos. 


Date. 

Engine. 

Revolutions 

pee  Min. 
Engine. 

Eevolutions 
pee  Min. 
Dynamo. 

Theoeetical 
Rev.  pee  Min. 

OF 

Dynamo. 

Peecentage 

OP 

Engine  Speed 
Realized. 

Oct.  12. 

West, 

A.M. 

236.358 

1  172.0 

1212.99 

96.62 

'    13. 

East, 

" 

229.600 

1  152.0 

1195.53 

96.36 

'    13. 

West, 

P.M. 

233.360 

1  158.57 

1  197.60 

96.74 

'    14, 

" 

" 

231.840 

1  159.33 

1  189.80 

97.44 

'    14. 

East, 

P.M. 

228.890 

1  137.60 

1  191.83 

95.45 

'    15. 

" 

A.M. 

230.000 

1  145.43 

1  197.61 

95.64 

'    15. 

AVest, 

P.M. 

232  470 

1  162.66 

1  193.03 

97.45 

'    15. 

East, 

" 

221.620 

1  109.00 

1  154.00 

96.10 

'    16. 

West, 

A.M. 

231 . 600 

1  156.00 

1  188.57 

97.26 

'    16. 

" 

" 

230.250 

1  138.66 

1  181.64 

96.36 

'    16. 

East, 

P.M. 

230.900 

1  169.66 

1  202.29 

97.28 

'    17. 

" 

A.M. 

230.400 

1  145.33 

1  200.00 

95.44 

'    17. 

West, 

P.M. 

232.57 

1  165.33 

1210.99 

96  23 

"    17. 

East, 

' 

224.82 

1  128.50 

1  170.63 

96.41 

Per  cent. 

Average,  East 90.097 

West 96.870 

Slip  of  belts,  East  engine 3  903 

"     "       "     West     "        3.130 

Note. —  Fly-wheel,  West  Engine,  covered  with  paper. 
"  East       "      not     "  "  " 
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TABLE  "K" 
Indicated  Hokse-Power  op  Engines. 


Date. 

Time. 

East  Engine. 

West  Engine. 

OctoliAr  12   

Day 

Horse-Power. 

2i"327 
35.975 

39! 701 
21.493 
35.863 

33! 425 
22.904 
36.377 

Horse-Power. 

12 

Night 

'        13 

Day 

13 

Night 

Day 

32.888 

14 

22.027 

14 

Night 

34.008 

15 

Day    

15 

Night 

38.076 

16 

Day 

13.777 

16 

Night 

Day 

32.586 

17 

17 

Night     

34.624 

18 

Day 

18 

Night 

TABLE  "L" 
Performance  of  Boilers. — Data. 


Tanks 

Date. 

Time 

Starting. 

Time 
Stopped. 

Hours 

Water 

Measured. 

Used. 

Total 
Water. 

Total 
Coke. 

No.l. 

N0.2. 

A.  M. 

p.  M. 

Hrs.    Min. 

Pounds. 

Pounds. 

October  11. 

9.25 

7.17 

9        52 

10 

10 

17  502.50 

2  535.00 

"      12. 

7.20 

7.16 

11        56 

11 

12 

20  133.25 

2  545.50 

"      13. 

7.00 

5.25 

10        25 

8 

7 

13  121.. 50 

1  974.14 

"      14. 

7.00 

9.55 

14        55 

15 

15 

26  253.75 

3  195.92 

"       15. 

7.00 

5.00 

10        00 

7 

7 

12  251.75 

1  593.93 

"       16. 

7.00 

9.50 

14        50 

13 

13 

22  7.53.25 

2  990.58 

"      17. 

8.15 

5.55 

9        40 

8 

7 

13  121.50 

1973.64 

p.  M. 

A.  M. 

"      18. 

2.00 

1.00 

11        00 

13 

12     21872.75 

2  602.90 

170 


HILL   ON   TEST   OF    ELECTRIC    LIGHTING. 


Economy. — Steam  per  Pound  of  Coke. 


Date. 

Apparent 
Evaporation. 

Actual 
Evaporation. 

Temp. 
Feed  Water. 

Evaporation 

from  and 
at  212 '^  Fahr. 

October  11 

7.023 
7.909 
6.646 
8.215 
7.686 
7.608 
6.648 
8.403 

6.788 
7.645 
6.424 
7.941 
7.429 
7.354 
6.426 
8.122 

67.0 
66.5 
65.8 
64.0 
64.2 
63.7 
62.6 
62.6 

7.811 

"      12 

8.801 

"      13 

7.400 

"      14 

9.161 

"      15 

8.569 

"      16 

8.493 

"      17 

7.422 

"      18 

9.381 

Average 

7.266 

8.380 

TABLE  "M." 


Quality  of  Steam. — Caloeimeter. 


Average  steam  condensed,  pounds 12.763 

water  heated,                "       200.00 

"        initial  temperature,  Fahr 62.42 

"             "                 "             corrected 62.43 

final                "            Fahr 129.34 

"             '•                 "             corrected 129.66 

Range 67.23 

Heat  units  per  pound  of  steam 1  183 .  174 

Average  steam  pressure,  pounds 80 .  057 

Heat  units  at  observed  pressure 1  212 . 720 

Difference  29.546 

Latent  heat  of  steam 885 .  590 

Percentage  of  water  entrained 3.336 

Efficiency  of  steam 0 .  97564 
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TABLE  "N." 

COMPAKISON   OF   PoWER  AND   LaMPS. 


Date. 

Time. 

HOESE- 
POWEK. 

Lamps. 

Equivalent 
16  c.  p. 
Lamps. 

16'c.  p. 

Lamps 

16  c.  p. 

32  0.  p. 

PEK 

H.P. 

October  13. 

Day. 

21.327 

81.20 

9.73 

100.66 

4.719 

13. 

Night. 

68.863 

231.557 

87.271 

406.099 

5.897 

14. 

Day. 

22.027 

86.06 

9.29 

104.64 

4.750 

14. 

Night 

73.709 

224.557 

86.450 

397.457 

5.392 

15. 

Day. 

21.493 

85.51 

11.36 

108.23 

5.035 

15. 

Night. 

73  939 

226.357 

83.063 

392.483 

5.308 

16. 

Day. 

13.777 

29.86 

4.85 

39.56 

2.871 

16. 

Night. 

66.011 

209 . 357 

78.779 

366.915 

5.558 

17. 

Day. 

22.904 

79.85 

10.57 

100.99 

4.409 

17. 

Night. 

71.001 

230.557 

82.79 

396.137 

5.579 

Lamps,  16  nominal  C.  P.  per  Indicated  Horse-Poweb  of  Engine. 

Average  for  day  (including  October  16th) 4.357 

"         "      "     (omitting  "  "   ) '. .  4.728 

"         "    night 5.547 

"        "     day,  24  hours,  including  October  16tb 4.952 

"         "  "  "      omitting         "  "    5.136 
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DISCUSSION. 


John  W.  HowELii,  C.  E.  — The  Central  Union  Depot  in  Cincinnati  is 
lighted  by  an  Edison  Isolated  Electric  Light  plant.  The  jjlant  is  owned 
by  local  parties,  who  operate  it  and  sell  the  current  to  the  Depot  Company, 
the  Depot  Company  supplying  steam  and  the  owners  of  the  i^lant  sup- 
plying the  lamps. 

The  contract  between  these  parties  gives  the  Depot  Comj)any  the 
privilege  of  lighting  the  depot  for  one  week  of  each  year  with  gas,  and 
if  this  week's  lighting  costs  less  than  the  following  week's  lighting  by 
electric  light,  then  the  price  of  electric  light  must  be  reduced  in  like 
proportion. 

About  two  years  ago  the  Depot  Company  lighted  their  dej^ot  with 
gas  for  one  week  and  with  electric  light  for  one  week,  as  specified  in  the 
contract.  This  test  was  conducted  by  the  Dej^ot  Company  themselves, 
and  the  results  showed  that  lighting  by  electric  light  cost  them  40  per 
cent,  less  than  lighting  by  gas. 

In  October,  1887,  the  Depot  Company  had  another  comparison 
made,  the  entire  conducting  of  the  test  being  placed  in  the  hands  of  the 
Cincinnati  Gas  Company.  I  went  to  Cincinnati  to  look  after  the  interes 
of  the  Electric  Light  Company,  but  was  unable  to  secure  any  information 
as  to  the  test  proposed.  The  owners  of  the  electric  light  plant  were  not 
recognized  in  this  test;  I  therefore  withdrew  and  watched  the  proceed- 
ings. 

Previous  to  the  test,  the  electric  light  plant  was  shut  down  for  eight 
days  and  the  depot  lighted  by  gas;  the  Gas  Company  keeping  a  number 
of  men  on  the  watch  to  see  that  due  economy  was  observed  in  the  use  of 
the  gas.  For  the  next  eight  days  the  depot  was  lighted  by  electricity, 
the  owners  of  the  electric  plant  merely  seeing  that  the  same  economy  as 
to  light  was  observed  as  during  the  preceding  test.  The  cost  of  the 
electric  light  during  those  eight  days  was  10  per  cent,  less  than  that  of 
the  gas  during  the  previous  eight  days.  Consequently  the  owners  of 
the  electric  light  plant  were  not  required  to  reduce  the  price  at  which 
they  furnished  the  light. 

These  tests  furnished  a  direct  compai'ison  V)etween  the  cost  of  light- 
ing a  given  building  with  gas  at  .^1  15  per  1  000  feet  and  with  electric 
light.  The  same  amount  of  light  was  required  in  both  cases,  and  all 
conditions  were  the  same. 

I  think  that  it  is  to  be  regretted  that  the  comparison  instituted  by 
Mr.  Hill  was  not  based  on  the  actual  result  financially  of  these  tests, 
instead  of  on  the  relative  illuminating  power  of  gas  and  incandescent 
lamps. 

A  few  words  in  explanation  of  the  small  number  of  lamps  per  horse- 
power shown  by  the  test.     The  parties  installing  this  depot  plant,  to 
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secure  themselves  agaiusb  accident,  put  in  two  engines  and  counter- 
shafting,  which  enables  them  to  use  either  engine  to  run  the  dynamos. 
This  largely  increases  the  friction,  and  the  friction  of  the  shaft  is  a 
practically  constant  quantity.  Owing  to  the  rigid  economy  used  in 
burning  the  lamps  during  the  test,  the  power  measurements  were  taken 
with  first,  only  about  one-eighth  load  on  the  dynamos  and  second,  with 
very  little  over  half  a  load  on;  this  not  only  puts  the  dynamos  under  its 
worst  conditions  of  economy,  but  the  large  shaft  friction  being  charged 
against  a  very  small  load,  makes  a  very  bad  showing  for  the  lamj)s. 
With  the  same  lamias  and  dynamos  used  in  Cincinnati,  with  a  good  load 
the  Edison  Company  has  often  guaranteed  eight  lamj^s  of  sixteen  candles 
for  each  horse-power  delivered  to  the  dynamos.  This  guarantee  has 
been  frequently  tested  and  has  never  been  disproved.  The  Edison  Com- 
pany now  sells  lamps  and  dynamos  with  which  it  guarantees  twelve 
lamps  of  sixteen  candles  each  for  each  horse-power  delivered  to  the 
dynamos.  This  guarantee  has  been  tested  at  two  plants  and  in  both 
cases  the  full  number  of  lamps  guaranteed  was  obtained.  The  first  of 
these  tests  was  made  at  Lowell  by  the  company  owning  the  water- 
power  there,  they  using  their  own  dynamometer  and  making  the  test 
themselves.  The  second  test  was  made  at  the  Toledo,  O.,  State  Asylum 
by  State  experts. 

In  both  cases  the  results  showed  a  small  margin  above  the  guarantee 
— both  showed  over  twelve  lamps  per  horse-power  delivered  to  the 
dynamos.  Mr.  Hill  gives  two  measurements  of  horse-power  and  lamps, 
the  first  one  about  four  and  three-fourth  lamj)s  to  the  horse-power,  with 
one-eighth  load  on  the  dynamo,  and  the  second  five  and  three-fourths,  with 
half  load.  Full  load  on  the  dynamos  ought  to  get  seven  or  more.  The 
larger  the  load  on  the  dynamo  the  smaller  the  proportion  of  the  total 
load  is  friction  and  the  better  the  result.  It  is  against  the  practice  of 
the  Edison  Company  to  use  shafting  between  the  engine  and  dynamos. 
They  always  belt  direct  from  engine  to  dynamo;  this  reduces  the  fric- 
tion to  a  minimum.  With  a  full  load  on  the  dynamo  the  friction  of  the 
engine  and  dynamo  will  be  about  20  per  cent,  of  the  total  load;  with 
one-eighth  of  the  load  I  would  expect  40  or  50  pev  cent,  of  the  total  to 
be  friction.  In  an  engine  running  with  one-eighth  of  its  load  what 
would  the  friction  be?     What  per  cent,  of  the  total? 

Mr.  Hill  notes  a  very  great  loss  of  energy  between  the  engine  and 
the  electric  light  circuit,  and  it  is  due  to  this  loss  that  the  number  of 
lamps  per  horse-power  is  so  small.  This  loss  is  made  up  of  two  parts, 
the  loss  in  the  dynamo  and  friction.  There  have  been  a  great  many 
tests  of  dynamos  published,  all  of  which  show  the  losses  in  dynamos  to 
be  very  small.  Losses  by  friction  in  engines  and  shafting  are  exceed- 
ingly variable,  and  depend  entirely  upon  the  condition  of  the  bearings 
at  the  time.  Mr.  Hill  assumes  the  loss  by  friction,  and  by  inference 
charges  the  remaining  loss  to  the  dynamo.     Considering  the  very  great 
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uncertainty  of  losses  by  friction,  and  the  ease  with  which  it  could  have 
baen  measured,  the  assumpfcioa  seemed  dec-idedly  uuscientiflc. 

Thei'e  is  one  other  point.  Where  Mr.  Hill  si)eaks  of  the  great  varia- 
tion in  the  light  given  by  incandescent  lamps,  when  making  measure- 
ments of  the  candle  light  of  the  lamps,  he  gives  the  variation  as  20  per 
cent.,  and  he  does  not  attempt  to  give  any  reason  for  it.  There  is  only 
one  thing  that  can  make  the  lights  vary,  and  that  is  the  variation  of  the 
pressure  on  the  line,  and  there  are  very  few  things  that  will  make  that 
vary;  either  very  great  changes  in  the  load  or  in  the  speed  of  the  en- 
gine. I  am  very  well  satisfied  that  the  changes  in  the  lights  were  due 
to  changes  in  the  speed  of  the  engine.  Any  change  in  the  speed  of  an 
engine  will  make  the  lights  go  up  or  down,  as  the  case  may  be.  When 
making  measurements,  if  there  are  sudden  changes  it  is  undoubtedly  due 
to  changes  in  the  speed  of  the  engine.  We  all  know  that  an  electric  light 
is  steady;  we  know  that  its  steadiness  dej^ends  upon  the  steadiness  of  the 
speed  of  the  dynamo.  Latterly  electric  lighting  has  developed  a  type 
of  engines  that  give  better  results  than  ever  before.  It  is  necessary  in 
electric  lighting  to  have  a  steady  speed,  and  I  think  the  alarm  over  the 
danger  of  variation  in  the  electric  light  is  not  at  all  warranted.  I  think 
that  in  a  large  majority  of  cases  they  give  a  very  steady,  uniform  light. 

As  a  lamp  gets  older  it  takes  less  power  to  run  it,  but  it  gives  less 
light;  the  reduction  in  light  is  faster  than  the  reduction  in  power  neces- 
sary to  run  it;  it  takes  more  power  per  unit  of  light  as  the  lamp  gets 
older,  but  the  Isnnp  requires  less  power  to  run  it. 

John  W.  Hill,  M.  Am.  Soc.  C.  E. — The  writer  was  engaged  to  make 
the  investigation  by  the  executive  officer  of  the  Depot  Company,  and 
was  informed,  prior  to  beginning  work,  that  his  selection  was  reported 
to  and  approved  by  the  officers  of  the  Electric  Company.  If  Mr. 
Howell,  as  he  states,  was  present  during  the  test,  the  writer  can  only 
regret  that  he  did  not  make  himself  known  and  give  him  (writer)  the 
benefit  of  his  knowledge  and  experience  in  these  matters. 

All  of  the  data  touching  the  cost  of  producing  the  light  by  the  Edi- 
son system  were  taken  jointly  by  one  set  of  observers  iinder  direction 
of  the  writer,  and  another  set  under  direction  of  the  Electric  Lighting 
Company,  and  he  is  not  aware  that  any  exception  by  the  Electric 
Lighting  Company  has  ever  been  taken  either  to  the  methods  employed 
in  making  the  test  or  in  the  accxiracy  of  tlie  data  as  reported. 

While  it  is  true  that  the  distribution  of  the  indicated  horse-power  of 
the  engines  is  not  as  accurate  as  it  could  have  been  by  means  of  special 
tests  (before  or  after  the  general  tests)  for  friction  of  engine,  jack  shaft 
and  dynamos — which  tests,  in  passiug,  it  is  well  to  remark,  were  not 
admissible,  owing  to  circumstances  beyond  my  control — the  main  ele- 
ments of  the  question,  however,  were  carefully  measured,  /.  e.,  the 
power  developed  by  the  engines  and  the  electrical  energy  developed  in 
the  lamps. 
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The  steam  engine  indicators  were  in  perfect  woi'king  order,  and  the 
springs  carefully  tested  for  these  experiments.  The  assistants  in  charge 
of  the  engine  test  were  experienced  and  careful  men.  The  motion  of 
the  engines  was  taken  with  reliable,  continuous  counters,  Schaffer  & 
Budenberg  make.  The  apparatus  for  the  photometric  tests  was  well 
constructed  and  worked  by  Professor  French,  with  extreme  accuracy  in 
view;  while  the  galvanometer  was  said  to  be  one  of  the  most  perfect  in- 
struments in  the  country,  and  the  readings  were  taken  by  a  skillful  elec- 
trician after  a  careful  calibration  in  the  lest  circuit  to  reconcile  the 
effect  of  local  disturbances. 

While  it  may  be  true  that  more  of  the  loss  between  the  engines  and 
lamps  should  be  charged  to  the  engine  and  connectors  and  less  to  the 
current  generator,  the  main  fact  which  I  wished  to  emphasize  remains 
unchanged,  viz. :  of  the  indicated  power  of  the  engines,  which  power 
is  a  direct  and  exact  measure  of  the  cost  of  j^roducing  the  light,  only 
40  per  cent,  is  realized  in  the  illuminating  eftect  of  the  incandescent 
lamps. 

It  would  no  doubt  be  very  interesting  to  know  how  this  loss  of  about 
30  per  cent,  is  divided  uj),  but  no  opportunity  was  afforded  to  do  so  in 
this  test. 

The  frictional  loss  in  modern  automatic  engines  and  jack  and  line 
shafts  has  been  so  fully  investigated  by  experimenters  (the  writer 
among  others),  that  no  serious  mistake  should  be  made  in  apportioning 
the  i^ower  so  expended  under  known  conditions  of  service. 

The  plates  of  the  zinc  voltameters  were  weighed  by  an  employee  of 
the  Edison  Light  Company  in  my  presence,  and  his  determinations  ac- 
cepted as  correct. 

The  tests  for  quality  of  gas  furnished  by  the  Cincinnati  Gas  Com- 
pany were  made  by  Professor  French  of  the  Cincinnati  University;  and 
the  tests  for  brilliancy  of  the  electric  lamps  were  made  by  Professor 
French,  Mr.  C.  E.  Jones  (a  local  electrician),  and  the  writer,  and  I  am 
quite  siire  the  prejudices  of  these  gentlemen  (if  they  had  any)  were  in 
favor  of  the  electric  light. 

There  was  a  test  with  gas  for  eight  days  with  the  following  results: 

Cubic  feet  of  gas  consumed 214  700 

Cost  at  U  15  per  1  000  cubic  feet ^246  90 

Average  actual  candle-power  of  the  gas,  for  a  consumption 
per  hour  of  five  cubic  feet,  as  measured  by  Professor 
French 16  94 

Average  lights  of  16  candle-power  per  hour  for  eight 

days 236  81 

Cost  per  light  of  16  actual  candle-power  for  eight  days 1  04 

From  the  test  of  the  electric  lighting  plant,  the  data  of  which  is 
all  in  the  writer's  possession,  and  for  the  accuracy  and  fairness  of  which 
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he  personally  vouches,  there  were  as  average  effects  for  the  eight  days 
of  the  test,  the  following: 

Cost  of  lights  as  per  the  rate  paid  by  the  Union  Depot  Com- 
pany to  the  Edison  Electric  Light  Company  (not  in- 
cluding the  cost  of  furnishing  the  steam  to  operate  the 
driving  engines) $167  00 

Cost  of  the  steam,  including  all  items  of  expense,  which  is 

borne  by  the  Dej)ot  Company 101  32 

Total  cost  for  eight  days $268  32 

Average  hourly  illumination  by  the  electric  light  plant  in 

lights  of  16  actual  candle-power  each  for  eight  days 185  15 

Cost  per  light  for  eight  days 1  45 

From  which,  by  the  simple  rule  of  three,  is  deducted  the  increased 
cost  of  electric  lighting  over  gas  lighting  of  more  than  39  per  cent. 

The  comparative  cost  of  the  two  distinctive  modes  of  lighting  was 
not  based  on  theory. 

The  only  facts  in  connection  with  gas  which  it  is  necessary  to  know 
to  institute  a  comparison  of  cost,  for  equal  effects  of  illumination,  are 
the  candle-power  of  the  gas  (which  in  this  instance,  as  has  been  stated 
in  the  paper,  Avas  carefully  measured  by  Professor  French),  and  the 
cost  of  the  gas  per  thousand  cubic  feet,  which  is  $1.15  net.  Having 
these  data,  the  comparison  of  cost  can  be  made  practically. 

The  writer  was  not  present  during  the  test  of  lighting  the  Depot 
Building  with  gas,  and  the  quantity  consumed  during  the  eight  days 
was  communicated  to  him  by  the  President  of  the  Gas  Comjiauy,  Gen- 
eral A.  Hickenlooper,  and  the  quality  of  the  gas  furnished  by  the  Gas 
Company  during  the  test  of  eight  days  was  reijorted  to  him  by  Profes- 
sor French,  and  he  has  no  reason  to  question  the  accuracy  of  either. 
But  assuming  that  the  statement  of  the  quantity  of  gas  consumed  is  in- 
correct, this  has  no  influence  on  the  comparison  of  costs;  the  value  of 
the  gas,  in  candle-power,  and  its  cost  per  1  000  culiic  feet,  are  a\l  the 
data  required  to  make  such  a  comparison.  Taking  the  actual  data  of 
the  eight  days'  test  with  gas,  and  comparing  with  the  data  given  in  the 
paper,  we  have  by  a  different  method  of  stating  the  case  the  same  rela- 
tive results. 

In  regard  to  the  superfluity  of  shafting,  of  which  Mr  Howell  com- 
plains, there  is  one  counter  shaft  between  the  engines  and  the  dynamos 
(and  I  think  this  is  the  usual  arrangement  employed  with  similar  i)lunts), 
to  increase  the  sjieed  from  230  at  the  engine  to  1 150  at  the  dynamos. 

The  engines  were  built  by  the  Buckeye  Engine  Comi^auy,  of  Salem, 
O.,  which  concern  has  had  considerable  experience  in  constructing  en- 
gines for  electric  lighting  plants,  and  these  were  rated  at  a  maximum 
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capacity  of  50  indicated  horse-power  each,  and  were  operated  during 
the  test  of  eight  days  with  an  average  load  of  30.34  indicated  horse- 
power each,  or  at  three-fifths  of  the  rated  capacity,  and  not  one-eighth, 
as  Mr.  Howell  put  it,  the  load  on  the  engines  being  five  times  his 
assumption.  The  cylinders  are  10  inches  diameter,  14  inches  stroke, 
and  the  engines,  as  stated  above,  operated  at  a  nominal  sj^eed  of  230 
revolutions  per  minute. 

The  fluctuations  ia  candle-power  of  the  lamps  while  under  photo- 
metric test,  I  supposed  at  the  time,  were  due  to  variations  in  the  speed  of 
the  engines  driving  the  dynamos,  but  as  this  variation  seems  to  be  un- 
avoidable with  driving  engines  as  at  present  constructed,  I  cannot  see 
how  an  apology  for  the  defects  of  the  engine  is  calculated  to  diminish 
this  vicioas  and  altogether  objectionable  feature  of  incandescent  lighting. 
As  to  the  merit  of  the  writer's  opinion  on  the  injurious  effect  of  an  un- 
steady light  or  of  rai^id  fluctuations  and  wide  range  of  candle-power  in 
any  lamj?  upon  the  organs  of  vision,  he  who  doubts  its  correctness  is 
respectfully  referred  to  any  experienced  occulist.  I  have  taken  the 
liberty  of  asking  General  Hickenlooper  to  give  me  a  written  statement 
of  his  knowledge  of  the  motive  of  this  investigation,  and  to  correct  or 
exjjlain  such  matters  in  the  discussion  as  -were  calculated  to  impair  the 
scientific  value  of  the  facts  presented  in  the  paper. 

The  substance  of  his  reply  is  appended  as  part  of  this  discussion. 

A.  Hickenlooper. — Some  of  the  statements  by  JohnW.  Howell  with 
reference  to  the  competitive  tes';  of  gas  and  electric  lighting  at  the 
Grand  Central  Depot  in  Cincinnati,  do  not  accord  with  my  recollection 
of  the  facts. 

First. — As  regards  the  statement  that  the  Depot  Comjiany  made  a 
test  two  years  ago,  and  found  that  lighting  by  electricity  cost  40  jjcr  cent, 
less  than  lighting  by  gas. 

The  fact  is  that  the  Electric  Light  Company  made  the  test,  and 
neither  the  Gas  Company  nor  the  Depot  Company  had  anything  to  do 
with  it.  The  result  of  the  test  as  published  by  the  Electric  Light  Com- 
pany was  that,  on  an  eight  night  test,  the  gas  cost  §497  28,  and  the 
electric  light  §343  29.  This  test  was  made  during  the  eight  longest 
nights  of  the  year. 

At  the  same  rate  i^er  night,,  this  would  make  gas  lighting  for  the 
year  cost  ^22  703  94,  but  in  fact  the  Gas  Company  did  light  the  depot 
for  one  year  at  a  cost  of  ^5  892. 

The  cost  of  the  electric  light  last  year  was  $14  664  12. 

The  statement  that  the  last  test  in  October,  1887,  was  made  entirely 
by  the  Gas  Company,  is  not  correct.  It  was  entrusted  to  the  experts, 
John  W.  Hill  and  Professor  Thomas  French. 
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As  to  the  cost  of  the  last  test,  the  records  show  that  for  electric  light- 
ing the  cost  was — 

For  steam  service $102  03 

The  meters  showed  a  consumption  at  contract  rate 

of 167  00 

Total $269  03 

while  the  same  degree  of  illumination  by  gas  required  the  use  of 
167  801  cubic  feet,  at  U  15  =  $192  97. 

The  total  gas  used  on  the  premises  during  the  gas  test,  was  196  700 
cubic  feet,  at  U  15  =  $226  20. 

The  conclusions  regarding  relative  cost  were  not  arrived  at  by  taking 
the  theoretical  cost  in  either  case.  The  actual  cost  of  lighting  by  both 
gas  and  electricity  was  used. 
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FOEMULAS    FOR     THE     WEIGHTS     OF    BRIDGE 

TRUSSES. 


By  A.  J.  Du  Bois,  Jun.  Am.  Soc.  C.  E. 
Pkesented  at  the  Annual  Convention,  July  2d,  1888. 


In  the  Society  Transactions  for  May,  1887,  Vol.  XVI,  page  191,  the 
writer  presented  a  series  of  rational  formiilas  for  plate  girders  and  truss 
spans,  which  gave  I'ise  to  valuable  discussion. 

As  regards  the  formula  for  trusses  then  presented,  the  results  of  the 
discussion  may  be  fairly  summed  up  as  follows  : 

First. — The  formula  presented,  was  considered  as  too  complicated, 
required  too  much  labor  to  use,  and  was  not  sufficiently  accurate  to 
justify  its  use  as  a  guide  in  practice,  or  as  a  basis  of  estimates  of  cost. 

Second. — The  method  by  which  the  strut  formula  was  introduced  was 
criticised  as  unsound. 

Third. — It  was  objected  that  no  proiser  iDrovision  was  made  for  de- 
tails, such  as  lattice  bars,  pins,  eye-bar  heads,  etc. 

Fourth. — It  was  asserted  that  a  general  rational  formula  which  should 
include  all  the  styles  of  truss  in  use,  and  while  giving  accurate  results 
still  be  sufficiently  simple  lor  practical  use,  was  in  the  nature  of  things, 
impossible. 

While,  therefore,  the  formula  was  very  generally  admitted  to  be  valu- 
able, and  more  accurate  than  any  previous  formula  making  claim   to 
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rationality,  the  general  opinion  seemed  to  be  that  it  was  itself  so  largely 
empiric,  as  to  justify  its  being  classed  as  suc-h.  Therefore  theoretic  de- 
ductions from  it  could  not  be  safely  trusted,  while  its  accuracy  was 
not  sufficient  to  pay  for  the  trouble  of  using  it  in  cases  where  a  close 
estimate  was  desired.  Hence  a  simpler  empiric  formula  would  better 
answer  every  practical  purpose. 

Now  from  the  last  conclusion,  that  a  general  rational  formula,  ac- 
curate and  sufficiently  simple,  is  impossible,  T  expressed  then,  and  wish 
to  express  now,  strong  dissent.     I  was  able  to  see  no  reason  why  this 
problem,  which  is  daily  solved  in  particular  cases,  should  not  admit  of  a 
general  solution,  and  as  no  such  reason  was  given  by  any  one  in  the 
discussion  referred  to,  I  am  still  unable  to  conceive  upon  what  grounds 
the  attempt  is  considered  beforehand  as  a  hopeless  one,  unless,  indeed, 
it  be  the  conceded  fact  that  no  one  has  thus  far  succeeded  in  it. 
The  outline  of  the  method  of  attack  I  adopted  was  as  follows  : 
The  strain  in  each  member  of  the  truss  was  found  in  general  terms, 
for  any  depth,  d,  span,  I,  number  of  panels,  N,  and  loading,  precisely 
in  the  same  way  as  in  any  special  case.     The  unit  stress,  modified  for 
struts  as  usual,  was  then  introduced  and  the  area  of  each  member  found. 
The  introduction  of  the  strut  formula  here  was  one  of  the  points  oaUed 
in  question.     The  area  of  each  member  thus  found  multiplied  by  the 
length,  gave  the  contents,  and  the  weight  was  thus  easily  found.     My 
formula°contained  but  two  empiric  constants  and  gave  good  results  over 

a  wide  range. 

Still  the  first  three  objections  which  I  have  enumerated  have  caused 
me  to  devote  further  attention  and  much  labor  to  the  problem,  and  the 
belief  that  I  have  successfully  met  them  is  my  excuse  for  this  paper. 

I  believe  that  the  perfected  formula  which  I  now  wish  to  present, 
practically  meets  all  the  objections  noted.  It  is  thoroughly  rational, 
simple,  and  easy  to  use,  general  in  application  to  different  styles  of  truss, 
accurate  enough  for  an  estimate,  and  hence  of  value  in  deciding  between 
difi-erent  styles,  dimensions,  etc.  I  have  inserted  the  strut  formula  in  a 
manner  which  seems  free  from  objection  and  have  taken  proper 
account  of  details  and  secondary  bracing.  These  are  large  claims,  and  I 
make  them  plainly  in  order  to  invite  criticism  and  engage  the  labor  of 
others  in  order  to  substantiate  them,  if  true,  or  expose  them  if  false.  The 
great  value  such  a  formula  would  have,  if  these  claims  stand  the  test,  is 
beyond  question;  and  that  they  will  therefore  be  very  thoroughly  tested 
I  have  no  doubt. 
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Live  Load.  —The  first  step  in  the  problem  is  to  assume  the  live  load 
for  -which  the  truss  is  to  be  designed.  I  assume  two  "  typical  locomo- 
tives "  with  tenders,  followed  by  a  train  load  of  3  000  pounds  per  foot, 
as  given  by  Mr.  Pegram  in  his  paper,  Transactions  for  Febrrxary,  1886, 
Volume  XV. 

I  assume  this  train  load  to  be  applied  by  concentrated  loads  of  15  000 
pounds  at  every  five  feet. 

Of  course  any  live  load  desired  may  be  assumed.  I  take  the  j)re- 
ceding,  both  for  purposes  of  illustration  and  because  I  believe  it  to  be 
such  a  loading  as  meets  the  requirements  of  present  and  future  practice. 
A  sketch  of  this  loading  is  given  here. 


^ 

<>( 

3.            *             *■             * 
t-<          r-«           !^          N 

^?       ^sc       ij^ij^ 

o 

6 

oooo 

O  O   6  O     i      :      ;     ^' 

SI- 


7S-     ^H.S\f:.'i\U,5',         /OS'       ,    S'    ,    d.5' 


SS' 


S'  ,  .f 


In  determining  the  strains  in  the  members,  I  have  found  that  it  leads 
to  too  much  complication  to  work  out  the  strains  due  to  live  and  dead 
loads  separately.  In  order  to  avoid  such  complication,  I  have  taken  the 
strains  for  a  uniform  load  only.  This,  while  correct  enough  for  the 
flanges  gives  too  little  for  the  web.  In  order  to  meet  this  defect  I  sup- 
pose the  truss  covered  with  an  equivalent  uniform  load,  that  is,  such  a 
uniform  load  as  would  cause  at  the  center  of  the  span  a  moment  equal  to 
the  greatest  moment  at  that  jioint  due  to  the  actual  assumed  load  system. 

I  denote  this  equivalent  uniform  load  per  foot  per  truss  by  m'i. 

Our  first  step  then  is  to  make  out,  once  for  all,  a  table  giving  the 
value  of  •i«i  for  our  assumed  load  system,  for  different  spans.  This  is 
easily  done  for  any  desired  system.  In  the  table  which  follows  we  give 
the  values  of  Wi  for  the  two  typical  locomotives  and  train  load  already 
described.  Those  wishing  to  use  the  formula  for  any  other  system  of 
loads  must  of  course  make  out  such  a  table  for  the  system  assumed. 
It  is  only  necessary  to  find  the  maximum  moment  at  the  center  in  foot 
pounds,  and  divide  eight  times  this  moment  by  the  square  of  the  span 
in  feet.  The  excellent  method  by  slide  and  diagram,  described  by  J. 
E.  Greiner,  C.  E.,  in  the  Engineering  News,  Aprilllth,  1888,  affords  a 
swift  and  accurate  means  of  finding  the  maximum  center  moment  for 
any  system  of  loads  whatever. 
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TABLE   No.  1. 

Equivalent  Uniform  Load  W],  per  Foot  per  Truss,  on  the  Basis  of  As- 
sumed Load  System,  for  Single  Track.  For  Double  Track,  take 
Double  Values.     Span  in  Feet,  ic^  in  Pounds. 

Span  =      50         55        60         65         70         75         80       90       100       110 
ii-i=1848    1733    1718   1677    1618    1570    1546  1552    1560   1569 

Span=     120       130       140       150       160       170       180      190 
7ri=1579    1586    1574    1562    1556    1546    1533  1516 

Span  =     200       210       220       230  feet  and  over. 
wi=1511    1506    1502    1500  pounds. 

The  table  gives  ic^  for  one  truss,  on  the  assumption  of  two  trusses 
to  the  bridge. 

Dead  Load. — Our  next  step  is  to  find  all  the  dead  load  exterior  to 
the  truss  itself.  This  consists  of  the  rails,  ties,  planking,  spikes,  etc. , 
of  the  cross-girders  and  stringers,  and  of  the  wind  bracing. 

All  these  quantities  are  independent  of  style  of  truss,  and  are 
capable  of  accurate  and  indei^endent  estimate.  For  railway  bridges,  a 
usual  estimate  for  rails,  ties,  planking,  spikes,  etc.,  is  400  jjounds  per 
foot,  or  200  pounds  per  foot  per  truss,  if  there  are  two  trusses.  For 
highway  bridges,  a  separate  estimate  must  be  made  for  each  case,  accord- 
ing to  circumstances. 

The  weight  of  cross-girders  and  stringers  can  be  easily  estimated  for 
any  assumed  live  load  and  panel  length  whatever  may  be  the  style  of 
truss.  Let  us  call  the  Aveight  per  foot  per  truss  of  rails,  ties,  etc.,  and 
of  cross-girders  and  stringers,  ^c.^.  A  table  for  w.>  can  easily  be  filled 
out  once  for  all.     We  give  such  a  table  for  illustration. 

Any  designer  or  bridge  company  has  the  materials  at  hand  for  filling 
out  such  a  table  according  to  their  own  practice.  The  table  we  give 
here  has  already  been  given  in  our  previous  paper. 
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TABLE  No.  2. 

For  Railway  Bridges. 

Weight  7{!2  per  Foot  per  Truss,  of  Floor,  Stringers  and  Cross-Girders,  for 
Single  and  Double  Track,  for  Assumed  Load  System.  Rails,  Ties, 
etc.,  taken  at  200  pounds  per  Foot  per  Truss.  Iron  Plate  Girders 
for  Stringers  and  Cross-Girders. 


^ 

DOUBL 

E  Tkack — 25  Feet  Wid 

E. 

<D 

a 

a 
"3 

S3 

a 

a 
o 

r 

d 

a) 

w. 

o 

2g 

(0 

a 

o 

3.2 

6 

tOj 

5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

507 
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679 

695 

716 

750 

776 

806 

831 

853 

872 

886 

906 

930 

949 

968 

983 

1001 

1018 

1  034 

1048 

1  062 

1077 

1086 

1104 

188 

248 

315 

386 

463 

545 

657 

825 

974 

1130 

1292 

1460 

1634 

1  816 

2  003 
2197 
2  420 
2  652 

2  900 

3  133 
3  382 
3  633 

3  904 

4  180 
4  463 
4  756 

1000 
1200 
1400 
1600 
1800 
2  000 
2  200 
2  400 
2  600 

2  800 

3  000 
3  200 
3  400 
3  600 

3  800 

4  000 
4  200 
4  400 
4  600 

4  800 

5  000 
5  200 
5  400 
5  600 

5  800 

6  000 

339 
338 
335 
333 
327 
3.^6 
328 
333 
337 
340 
343 
3*5 
348 
351 
354 
357 
361 
365 
369 
373 
376 
380 
384 
387 
391 
395 

1555 
1783 
1935 
1992 
2  135 
2  192 
2  291 
2  374 
2  443 
2  540 
2  606 
2  664 
2  700 
2  775 
2  841 
2  871 

2  957 

3  004 
3  030 
3  080 
3  128 
3  172 
3213 
3  282 
3  332 
3  373 

376 

496 

630 

772 

926 

1090 

1314 

1650 

1948 

2  260 

2  584 

2  920 

3  268 

3  632 

4  006 
4  394 

4  840 

5  304 

5  800 

6  266 

6  764 

7  266 

7  808 

8  360 

8  926 

9  512 

2  000 
2  400 

2  800 

3  200 

3  600 

4  000 
4  400 

4  800 

5  200 

5  600 

6  000 
6  400 

6  800 

7  200 

7  600 

8  000 
8  400 

8  800 

9  200 
9K00 

10  000 
10  400 
10  800 
11200 
11600 
12  000 

786 
780 
766 
745 
740 
728 
727 
735 
738 
743 
746 
748 
751 
755 
760 
763 
771 
777 
783 
789 
795 
801 
808 
816 
822 
829 

For  other  widths  than  those  assumed  in  the  table,  we  may  easily 
change  the  weight  of   one-half  cross-girder,  which   is  the  only  item 

affected,  by  multiplying  by  ^J^^  or  ^^^. 

15  25 

So  also  the  values  for  rails,  ties,  etc.,  may  be  changed  to  correspond 
to  any  special  case,  if  the  allowance  of  200  j^ounds  per  foot  is  not  satis- 
factory. If  the  stringers  or  cross-girders,  or  both,  are  of  wood,  the 
corresponding  values  can  easily  be  found.  In  short,  it  is,  I  think,  evi- 
dent, that  tables  giving  w.,  accurately,  may  easily  be  drawn  u^j,  in 
accordance  with  any  specifications  and  any  variety  of  circumstances. 
Our  Table  No.  2,  will  serve  not  only  as  an  illustration  of  what  is  meant, 
but  also  will,  we  believe,  give  good  values  of  w..  for  standard  specifica- 
tions, and  best  practice  of  to-day. 
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We  liave  thus  far,  then,  found  and  tabulated  Wi  and  tOo-  It  remains 
to  estimate  the  weight  of  wind  bracing,  «v,.  Here,  again,  tables  should 
be  drawn  up  giving  the  actual  results  of  practice.  In  place  of  such 
tables  Ave  venture  to  submit  the  following  simple  empiric  formulas, 
which  we  have  found  quite  accurate  over  a  wide  range  of  cases.  We  do 
not  propose  these  formulas  as  better  than  the  tables  alluded  to.  The 
actual  results  of  practice  are,  of  course,  preferable.  The  formulas  for 
to 3  are  as  follows: 

FOEMULAS   FOR     ESTIMATING    WeIGHT   PER    FoOT     PER     TrUSS    OF     WiND 

Bracing  for  Railway  and  Highway  Bridges. 
For  pony  trusses,  depth  below  12.5  feet: 

1   Q    AT    .     270 

w-i  =  1.8  iV^-4 

Through  trusses,  uj^per  and  lower  horizontal  bracing  only.  Dejjth 
between  12.5  and  24  feet:' 

w,=  3.2  N+  — 
P 

For  through  or  deck  trusses,  with  vertical  sway  bracing,  depth  above 

24  feet: 

3NI  ,  568 

^"^=170-  +  ^'         ' 

iV=  number  of  i^anels;  ^=  span  in  feet;  p  =  panel  length  in  feet. 

We  have  thus  far,  we  trust,  made  it  clear  that  all  the  dead  load,  ex- 
elusive  of  the  truss  itself,  admits  of  easy  and  accurate  determination, 
without  any  cal'^ulation  Avhatever,  by  simple  inspection  of  properly  pre- 
pared tables,  Avhich  can  be  drawn  up  once  for  all,  independent  of  the 
truss.  This  external  load  admits  of  such  endless  variation,  especially 
in  the  case  of  highway  bridges,  that  it  Avould  be,  indeed,  a  hopeless 
task  to  attempt  to  include  it  in  any  rational  formula.  It  is,  we  belieA'e, 
just  this  attempt  which  has  rendered  all  such  formulas  heretofore  worth- 
less. 

For  railway  bridges  Ave  have,  then,  for  dead  load,  two  tables  and  a 
set  of  formulas  for  wind  bracing.  It  is  oi^eu  to  any  one  Avho  takes  ex- 
cejition  to  either  to  replace  them  by  others.  We  believe  the  values 
given  will  be  found  accurate  enough  for  estimates  upon  the  basis  of  any 
of  the  best  standard  specifications. 

Weight  of  Truss. — Demonstration  of  Formula. 

We  now  finally  ai-rive  at  the  truss  itself.  Let  the  weight  per  foot  of 
the  truss  hewi  pounds  per  foot,  due  totheactually  supporting  members, 
and  let  ^v,^  be  the  weight  per  foot  of  the  lattice  bars,  pins,  eye-bar  heads, 


DUBOIS   OX    WEIGHTS   OF   BRIDGES.  185 

splice  plates,  etc. ;  in  short,  everything  not  actually  snpportiug.  It  is 
evident  that  if  we  can  find  lo  and  (t'u  accurately,  the  problem  is  solved. 
Thus,  the  total  weight  of  iron  in  the  bridge,  exclusive  of  course  of  shoes, 
roller  plates,  etc.,  is  2  (u',  —  200  -f-  i<-'3  +'"'4  4-  ^^'o)-  ^^^  have  already 
disposed  of  icn  and  u'g.  The  200  subtracted  is  for  the  rails,  ties,  etc., 
included  in  Jt'o. 

Let  us  take,  as  an  illustration  of  our  method  of  dealing  with  the  truss, 
a  Warren  girder  of  span  I,  and  panel  length  p,  load  on  bottom  chord  as 
the  simplest  case.  Let  the  number  of  panels  be  N.  The  load  at  each 
lower  panel  iDoint  is  then  {w  ^  -j-iVo  -j-  lu^  +  w^  +  Wp)  p,  where  Wi  is  the 
equivalent  live  load  per  foot;  to,,  the  floor;  ?<J3,  the  wind  bracing;  w^, 
the  truss  i^roper;  ivq,  the  details,  all  j^er  foot  per  truss.  For  brevity  let 
us  call  this  W  p. 

The  end  reaction  is  then —. 

P 

The  strain   in  the  first  lower  panel  is  the  reaction  multiplied  by  -^ 

and  divided  by  the  dei^th,  (/.  If  this  strain  is  divided  by  the  stress  per 
square  inch  for  tension  R  ^  we  have  the  area.  The  area  multiplied  by 
p  gives  the  volume,  and  this  by  -a-  gives  the  weight  for  iron .  "We  have 
thus  for  the  weight  of  the  first  lower  panel 

10  Wd"" 

In  precisely  similar  way  we  find  the  weight  of  each  lower  panel,  as 

follows: 

10  Wp'^ 
Weight  of  first  lower  panel,         „      -  {N  —  1] 

LA  JXf  ti 

•'   second    "  "         [3(iV— 1)—    2] 

"   third       "  "         [5  (V— 1)  —    8] 

"fourth    "  "  [7  (iV^— 1)  —  18] 

Summing  up  the  series  we  have  for  the  weight  of  the  whole  lower 
chord, 

5  WN'p^  jJ^—l) 
18  Rf  d 

Dividing  by  l^Np,  we  have  the  weight  per  foot  p      -.    In 

18  Jx^  d 

precisely  similar  manner  we  have  for  the  ujjper  chord  the  weight  per 

5  Wp-  ijsr^—i) 

foot  per  truss .  ~p — '  where  R^  is  the  unit  stress  for  compression. 

£  or  the  ties,  in  like  manner,  we  easily  find ^t?~^ — — '  ^^^  ^^^ 

the  struts  ^^^^'+*^^')^^^ 
the  stmts 2T^-^; -• 
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Adding  tliese  four  quantities  we  have  for  the  total  weight  per  foot  of 
one  truss,  exclusive  of  the  details,  w^, 

0.75{2)~+4:(r-)  N      0.75  (p-+4rf-)  Nl 
Rt  "^  Re  ^ 

Forthesakeof  brevity  let  us  put  7'=  {N-—l)p-  +0.75  i\"(//--f-4rf-) 
G  =  [W-  —  1)  p'' ,  S  =Q.15  N  [p-  +  4:  d'),  where  Prefers  to  the  tension 
members,  C  to  the  upi^er  chords,  and  S  to  the  struts. 

Placing  for  TFits  value,  we  have  now 


"^*  -  18  d  ^Ri 

From  this  we  have 

3.6  d 


C      8  ~\ 


tV,  ^ 


T_        C        S 
Rt      Re      Ri 


Thus  far,  it  will  be  observed,  everything  is  entirely  rational.  We 
have,  it  is  true,  considered  the  truss  as  uniformly  loaded  with  the  full 
load.  This  gives  somewhat  too  little  for  the  ties  and  strtits,  the  maxi- 
mum strain  in  which  is  caused  by  a  varying  jjosition  of  the  live  load.  To 
balance  this  we  have  taken  iCi  as  the  equivalent  uniform  load,  thereby 
getting  somewhat  too  much  for  the  flanges. 

Now  the  strut  formula  lor  the  upper  chords  may  be  written  Re  = 


—5 — ,  and  for  the  struts,  R,  = '>~~rii — 7?",  P  and  d  being  in 

1  -J 1  -1-  — ' 

^250  9-1-  ^  4  X  125  r,- 

feet.     The  numerator  /<  is  usually  taken  for  iron  at  8  000. 

Inserting  these  values  of  R^  and  R^   we  have  the  weight  of  the  truss 
alone,  exclusive  of  details, 

to  I  +  z«2  +  u'2_+  rvo 


'd.6  Md  ^ 


R^     ^     ^     ^250  5-1-^       500  r,- 
Now  the  unit  stress  for  tension  R  is  on  the  average  about  the  same 

as  //.     We  t-an  without  api)reciable  error,  therefore,  put  "j7=1- 
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For  tlie  square  of  the  radius  of  gyration  for  the  chords,  ?'i'%  I  find 

(iV— l)p- 
that  the  simple  expression ^wq gives  very  close  values  when 

compared  with  actual  practice.     For  the  struts  we  take  — ^q —  multi- 


plied by  the  square  of  the  length,   or  in  this  case, 


{X—1)  (p-^-^M-'), 


200 

This  is  our  first  introduction  of  anything  empirical.  These  simple  ex- 
pressions give,  we  believe,  the  values  of  Vi'-^  and  r.^'^  with  all  desirable 
accuracy. 

Inserting  them  we  have 


3.6  jiid 


■(1) 


where  a:  =(2  N-  +1.5  iV— 2)  and  /?  =  6  iV^  for  Warren  girder. 
For  single  intersection  Pratt  truss,  Ave  should  have 

a={2  N-^+  3  J\— 2)  and  /i  =  3  (2  J\^— 4  +^-  ) 
For  double  intersection  Whipple  trtiss, 

a=  2   (n-  +  3  3^— 10  +  —  ^    and  /5  =  3  (n—1  +  ^^ 

For  any  style  of  truss  the  values  of  a  and  ft  are  easily  made  out  once 
for  all.  They  are  the  co-efficients  of  p"  and  d^  given  in  our  previous 
paper  for  the  value  of  the  qiiantity  we  there  called  "^."  A  comparison 
of  (1)  with  the  fornmla  for  »'4  given  in  that  paper,  will  show  a  marked 
difference  in  two  respects.  First,  lo^  did  not  occur  in  that  formula. 
Second,  in  place  of  the  term 

-_p1±^ML  we  had    ^5p-+202d^ 

5{JV— 1)  [io-,+w^_-{-iOs,)p 

It  will  be  seen  that  we  now  have  varying  constants  ex  and  4  ft,  in  jjlace 
of  45  and  202,  and  the  details  are  now  included  in  Wq. 

Here,  then,  we  have  in  (1)  a  formula,  entirely  rational,  made  out  by 
the  same  statical  princii^les  which  would  be  employed  in  the  solution 
of  any  special  case,  and  following  step  by  step  the  method  of  special 
calculation.  We  have  also  introduced  the  strut  formula,  thereby  al- 
lowing for  the  increase  of  section  required  by  long  struts.  It  only 
remains  to  find  the  value  of  ivq,  or  the  weight  per  foot  of  lattice  bars, 
eye-bar  heads,  pins,  splice  plates,  etc. 

VaijUE  of  u\. — We  have  thus  far  made  no  attempt  to  fit  our  formula 
to  any  special  cases,  the  only  empiricism  being  in  the  introduction  of  the 
radius  of   gyration.     In   the   discussion  upon  my   previous  paper  Mr. 


14,  p  =  18. 25 

d^   29 

32 

35 

38 

Wo  =118 

132 

150 

164 

10,  i:>  =  25.55 

d=   29 

32 

35 

38 

■M7o=116 

126 

136 

145 
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Pegram  gave  the  weiglits  of  a  255.5-foot  span  for  different  deptlis  and 
l^anel  length. 

Making  use  of  his  data  we  have  aj^plied  formula  (1)  and  determined 
what  VI 0  should  be,  provided  the  formula  is  in  all  other  res])ects  correct. 
The  results  are  as  follows: 

For  iV^: 


For  iV^: 


It  will  be  observed  that  in  the  first  case,  the  difference  is  14  pounds 
for  every  three  feet  of  depth.     The  panel  weight  for  one  foot  of  depth, 

14 

or  the  weight  of  details  per   foot   of  depth   is  then  -p-  X  18.25=85.16 

o 

pounds. 

In  the  second  case  we  have  a  difference  of  10  jjounds  for  every  3  feet 

of  depth.  The  weight  of  details  per  foot  of  depth  is  then—-   X  25.55  = 

o 
85.16  pounds,  or  precisely  the  same,  just  as  it  should  be. 

Does  not  this  indicate  that  the  formula  is  correct? 

Now   from  this   case   of  255.5-foot  sjjan  alone  I  deduce  for  »•„  the 

N  d 
empirical  formula  i/'o  =  — . —  +  -A. 

where  A  dejsends  only  iipon  the  number  of  panels,  and  is  given  by 
J  =  0. 875  i^  ( 12— iV)+  6 
This  last   value  can   be   tabulated,  and  we  thus  have  the  following 
table: 

TABLE   No.  3. 


^^     ,  A 

iV  =  4    5 

6    7    8    9 

10 

11    12 

13 

^  =  34  36.6 

37.5  36.6   34   29.6 

23.5 

15.6    6 

—5.37 

N  =        14 

15     16      17 

18 

19 

20 

A   =    —18.5 

—33.4   —50   —68.4 

-88. 

5 

—110.4 

—134 

Our  values  of  a  and  p  also  can  be  tabulated  as  follows: 
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TABLE   No.  4. 
Values  of  a  and  /3. 


jsr 

Single  intersection . 

Double  in 

tersection. 

Warren. 

a 

P 

"■ 

^ 

a 

/3 

2 

12 

16.5 

12 

24 

9 

12 

3 

25 

17 

24 

19 

20.5 

18 

4 

42 

20.25 

42 

18 

36 

24 

0 

63 

23.6 

64.8 

18.6 

55.5 

30 

6 

88 

29.5 

92 

20 

79 

36 

7 

117 

34.714 

123.428 

21.857 

106.5 

42 

8 

150 

40.125 

159 

24 

138 

48 

9 

187 

45.fi66 

198.666 

26.333 

173.5 

54 

10 

228 

51.3 

242.4 

28.8 

213 

60 

11 

273 

57 

290.1818 

31.3636 

266.5 

66 

12 

322 

62.60!6 

342 

34 

304 

72 

13 

375 

68.538 

397.846 

36.69 

3.55.5 

78 

14 

432 

74.357 

457.714 

39.4285 

411 

84 

15 

493 

80.2 

5.21.6 

42.2 

470.5 

90 

16 

558 

86.0626 

589.5 

45 

534 

96 

17 

627 

91.941 

661.412 

47.8235 

601.5 

102 

18 

700 

97.833 

737.333 

50.666 

673 

108 

19 

777 

103.737 

817.263 

53.5263 

748.5 

114 

20 

858     , 

109.65 

901.4 

56.4 

8.28 

120 

Result  of  Demonstration. 
We  may  sum  up  the  results  of  our  discussion  then,  as  follows : 
Total  weight  of  iron  in  pounds  per  foot  =2  («% — 200 -f  W3+W4+Wo)- • -I 
Where  tV2  is  the  weight  per  foot  per  truss  of  cross-girders,  stringers 
and  rails,  ties,  etc.,  to  be  taken  at  once  from  a  table  similar  to  Table 
No.  2. 

We  have  given  simple  formulas  for  the  weight  -per  foot  per  truss  of 
wind  bracing  w'g,  or  it  may  also  be  taken  out  directly  from  a  table  em- 
bodying the  results  of  actual  j)ractice. 

Finally  we  have  for  the  weight  per  foot  per  truss  of  the  truss  itself, 
including  details, 

(wi  +  '?t^2  +•^^3)  -hLi^o 
L 


Weight    of  truss  =  w^  4  ""o  =- 


1 


II 


Where    the    equivalent    uniform   load    per   foot   ipev   truss    «• 
taken  directly  from  Table  No.  1,  and  Wp  is  given  by  Table  No.  3. 

3.6//(/ 


Finally,  L=- 


ap'^  +4/?rf- 


ap-  -X-ftd'''  + 

Here  n  is  the  numerator  of  the  strut  formula,  and  o:  and  /i  are 
taken  directly  from  Table  4. 

The  only  empiricism  is  in  the  last  term  in  the  denominator  of  L  and 
in  the  value  oi  Wq.  Both  of  these  quantities  are  subsidiary  and  small 
with  respect  to  the  others,  while  the  entire  formula  is  rational  in  form, 
and  has  been  fitted  in  its  subsidiary  empirical  portions  to  one  case  only 
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of  Mr.  Pegram's  examples.  If  such  a  formula  tlius  found  and  fitted, 
checks  well  with  practice  through  a  wide  range,  it  seems  to  me  it  is  all 
I  have  claimed  for  it.  The  amount  of  calculation  required  is  very 
small  and  requires  little  time  when  tables  are  used.  It  is  simple, 
general  and  rational.  The  strut  formula  is,  I  think,  properly  intro- 
duced, and  the  details  are  taken  into  account.     Is  it  accurate  enough? 

Accuracy  of  Foemula. — This  question  can  only  be  answered  by 
comparison  of  the  results  with  actual  examjjles.  It  is  sufficient  to  thus 
check  II,  for  if  this  is  accurate,  there  is  no  difficulty  as  we  have  seen;  in 
knowing  'm\,-  and  Wg  directly  from  tables  without  calculation  at  all.  The 
truss  is  the  problem. 

In  checking  II  by  actual  examples,  the  actual  data  must  be  used, 
not  those  given  by  my  tables  and  formulas.  Those  are  intended  for  de- 
sign, not  for  testing  executed  examples. 

Mr.  Pegram  has  furnished  in  previous  discussions  an  extensive  list  of 
single  track  spans  with  all  necessary  data.  He  has  given  for  each  case 
the  weight  of  truss  Wq  +  ^i'4,  also  the  total  weight  of  iron  and  weight  of 
shoes,  etc.  It  is  therefore  i>ossible  to  calculate  for  the  load  systems  he 
specifies,  the  value  oi  w^.  He  has  also  given  ?t'i  +  Wo  +  "^^s-  We  are 
unable  to  check  these  values  of  Wi  +  w^  -\-  w-^  without  manifest  incon- 
sistencies in  the  value  of  the  rails,  ties,  etc. ,  which  we  have  taken  at  200 
jjounds.  Referring  to  I,  we  see  at  once,  that  if  in  any  case  we  take  half 
the  total  weight,  subtract  the  weight  of  shoes,  etc. ,  which  is  known  for 
each  truss,  and  divide  by  the  span,  we  have  the  weight  per  foot  per 
truss.  Subtract  from  this  the  known  value  of  "'4  -|-  icq,  and  we  have 
'(•;, — 200+  ir-^.  If  to  this  we  add  Wi  and  the  allowance  for  rails,  ties, 
etc.,  we  ought  to  have  i(>i  +  w.,  +    vr^. 

Taking  Mr.  Pegram's  data,  I  have  the  following  tabulation: 


1 

3 

3 

4: 

5 

6 

7 
Allowance 

w.,  —200-1-  ''"a 

w. 

w^  -]- TO„  —  200 -1-  10^ 

10,  4^  w„  -j-  W3 

W^  -!■  W„  +  tOj 

for  rails, 

etc..  from 

Pegram's 

data. 

Span. 

as  given  by 

as  cal- 

allowing 200 

as  given  by 

Pegram. 

culated. 

lor  rails,  etc. 

Pegram. 
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1378 

1  568 

1768 

1820 

252 

104 

200 

1  492 

1692 

1892 

2  000 

308 

207 

1  566 

1773 

1973 

2  020 

247 

194 

1  287 

1481 

1681 

1  675 

194 

150 

200 

1470 

1670 

1870 

1  844 

174 

215 

1  589 

1804 

2  004 

1  950 

146 

224 

1  172 

1  396 

1596 

1  5G5 

169 

201.5 

228 

1  404 

1632 

1  832 

1  776 

144 

241 

1  542 

1  783 

1983 

1946 

163 

347 

1027 

1374 

1  574 

1  60.5 

231 

320 

358 

1  160 

1  .518 

1718 

1  798 

280 

3G4 

1515 

1  879 

2  079 

2  088 

209 

255.5 

217 

1  526 

1743 

1943 

1943 

200 
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I  am  unable  to  accoimt  for  these  discrepancies.  The  values  of  tr^ 
have  been  carefully  calculated.  The  data  attributed  to  Mr.  Pegram  are 
taken  from  his  published  figures,  and  there  may  perhaps  be  clerical 
errors  which  I  cannot  correct.  In  the  last  case  it  will  be  observed  we 
agi-ee  exactly.  In  the  third  case  of  320-foot  span  we  also  agree,  but  in 
the  other  two  cases  of  the  same  span,  if  Mr.  Pegram's  values  are  correct 
and  my  values  of  w.^,  are  also  correct,  we  have  280  and  231  for  the  same 
allowance. 

As  there  is,  I  think,  no  error  in  the  values  of  the  second  column,  and 
I  consider  those  in  the  third  correct,  I  am,  I  think,  justified  in  taking 
for  the  test  of  my  formula  the  vahies  of  column  five,  instead  of  those 
given  by  Mr.  Pegram.  I  am,  of  course,  liable  to  correction,  if  I  have 
misunderstood  Mr.  Pegram's  data,  but  it  is  imjiortant  that  the  value  of 
'iCj^  +  IP,  -j-  i/'g  should  be  accurately  found  if  the  formula  is  to  be  truly 
tested. 

We  have  then  the  following  test  of  the  formula;  taking  ji  =^  8  000: 


"« 

fe; 

s" 

][^ 

"S 

s 

g" 

^ 

^^ 

£> 

t«  • 

C3 

QJ 

o  r; 

<D 

a 

oa 

^  o 

a 

i 

02 

a 
ft 

e8 

o 
d 

00, 

+ 
P.' 

a, 

B 

1 

L 

"-o 

^4 

> 

"S 

< 

Ph 

1768 

221 

227 

—  'i'i^^^ 

S.  I.  104. 

24 

6 

1892 
1974 

1681 

43  392 

3  268 

14.0546 

86 

231 
237 

311 

235 
241 

31)7 

+  1 11)5 

D.I.  150. 

25 

9 

1870 
2  004 

1596 

71641 

2  936 

9.6518 

105 

333 

348 

437 

331 
351 

422 

+  0,V5 

-  0A% 

+  3i¥5 

D.I.  201.5 

28 

12 

1832 
1983 

1  574 

123  100 

3  692 

6.36 

118 

481 
509 

863 

465 
497 

855 

+  3/,% 

D.  I.  320. 

20 

16 

1  718 

2  079 

287  820 

5  918 

3.3335 

132 

925 
1080 

936 

1100 

29 

1945 

185  577 

4  382 

4.39fi6 

118 

725 

726 

—  OiS% 

32 

14 

1955 

192  793 

4  828 

4.6634 

132 

701 

702 

—  Oi'ol, 

35 

1956 

200  718 

5  318 

4.8923 

146 

686 

692 

—  OlB5 

D.  I.  255.5 

38 

1959 

209  353 

5  848 

5.0854 

160 

678 

684 

-OiY<5 

29 

1954 

183  756 

4  900 

4.4271 

122 

727 

730 

—  OtVs 

32 

12 

1964 

189  978 

5  353 

4.7181 

134 

698 

702 

-  OtVs 

35 

1965 

198  812 

5  850 

4.9251 

146 

683 

682 

+  Oi'olj 

38 

1966 

204  258 

6  392 

5.1953 

158 

664 

670 

-  o.Vs 

29 

1978 

182  460 

5  667 

4.4395 

121 

731 

715 

32 

10 

1976 

187  730 

6  137 

4.7537 

131 

692 

686 

-r  OiYis 

35 

1979 

193  519 

6  652 

5.0356 

141 

666 

601 

+  Oi'tfe 

38 

1  981 

199  821) 

7  213 

5.2859 

151 

648 

642 

+  Ofia, 

It  will,  I  think,  be  admitted  that  a  formula  put  together  as  this  one 
has  been,  employing  empiric  values  only  in  two  subsidiary  terms,  ra- 
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tional  tlirougliout  in  form,  which  follows  stej)  by  step  the  main  features 
of  actual  design,  and  which  has  been  fitted  in  its  empirical  portion, 
only  to  the  last  case  of  the  255.5-foot  span — must  be  correct  in  all  im- 
portant particulars,  in  order  to  give  such  close  results  over  such  a  wide 
range. 

In  every  case  it  gives  results  close  enough  for  a  bid,  and  it  follows 
change  of  depth  in  the  last  examples  with  such  exactness,  that  it  is  rela- 
sonable  to  conclude  that  it  will  give  with  equal  exactness  the  result 
arising  from  any  change  in  any  of  the  dimensions.  Any  one  who  will 
refer  to  Table  No.  4,  and  taking  the  value  of  Wi  -4-  Wo  +  ""'s  ^^  given, 
check  any  one  of  these  cases,  will  be  satisfied  that  the  formula  requires 
but  little  time  and  calculation. 

Lest  it  may  be  suspected  that  our  alteration  of  the  values  of  w-i  +  "'2 
+  iVs  as  given  by  Mr.  Pegrain  is  in  the  interest  of  correspondence,  we 
give  below  the  results  of  using  Mr.  Pegram's  own  values. 


Span. 

as  given  by 
Pegram. 

"'4 
by  Formula. 

'"4 
Actual  Value. 

Per   cent. 

of 
Difference. 

104 

1820 
2  000      . 
2  090 

225 
238 
245 

227 
235 
241 

+  h%% 

150 

1  675 
1  844 
1950 

310 
330 
342 

307 
331 
351 

—  2J\^ 

201.5 

1565 
1  776 
1  946 

432 
471 
503 

422 
465 
497 

+  2#ff 

320 

1605 
1798 
2  088 

876 

958 

1083 

855 

936 

1  100 

-f  2/„% 

The  examples  of  255.5-foot  span  remain  as  before.  It  will  be  seen  that 
the  results  are  even  better  for  Mr.  Pegram's  data  than  for  my  own.  It 
is  quite  possible  that  Mr.  Pegram's  values  are  correct  as  i:)ublished.  But 
I  thought  it  due  to  consistency  to  call  attention  to  the  discrepancies 
noted. 

In  a  paper  kindly  sent  to  me  some  time  ago  by  Professor  Waddell  is 
a  list  of  carefully  estimated  weights  of  single  traek  spans  from  60  to 
300  feet.  The  locomotive  system  used  is  very  closely  that  which  I  have 
assumed  in  this  paper.  The  values  of  w^  +  ""3  are  given.  We  are  able, 
therefore,  at  once  to  check  our  formula  by  Mr.  Waddell's  estimates.  The 
first  three  spans  are  single  intersection  pony  trusses,  the  rest  down  to  160 
single  intersection  through,  and  the  remainder  double  intersection 
through  trusses.  We  have  found,  by  applying  our  formula  to  a  few 
case,^,  that  Mr.  Waddell's  value  of  /<  is  about  6  540  for  single  and  5  830 
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for  double  intersection.  Using  these  values  of  //j,  taking  Wi  from  Table 
No  1,  and  W2  +  ^3)  as  given  by  Professor  Waddell,  we  have  the  follow- 
ing results : 
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214 

—  9i®o'o 

65 

8 

5 

2  130 

50 

14  499 

212 

231 

—  8,Vo 

70 

9 

5 

2  090 

51 

\2  8S7 

217 

224 

31:; 

S.  I.     70 

23 

5 

2  089 

75 

i9.377 
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209 

—  I'fJi 

80 

16 

5 

2  048 

64 

15.677 

208 

215 

—  3,^„'o 

90 

23 

5 

2  046 

75 

14.871 

227 

221 

+  2,=,»o 
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20 

5 

2  065 

70 

12.461 

256 

2.52 

-f  li^ifn 
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2  069 

83 

11.082 

296 
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+  5.3„3, 
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2  0H8 
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+  ^.^o^o 
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2  102 
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8.675 

376 
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2  086 
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7.828 
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114 

6  892 
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+  e.Vo 

190 

32 
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2  065 

125 

5.578 
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631 

—  4iV„ 
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2  0G8 

128 

5.242 

646 

664 
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34 

10 

2  068 

136 

4.904 

701 

7-J5 

—  3,^0 

220 

36 

10 

2  068 

143 

4.705 

740 

75.i 

—  li'o'^o 

230 

38 

10 

2  069 

150 

4.522 

780 

782 

-oE 

240 

39 

11 

2  073 

158 

4.254 

843 

847 

250 

41 

11 

2  079 

165 

4.101 

889 

900 

—  lI-o{ 

260 

42 

11 

2  082 

170 

3.916 

942 

946 

—  OiV, 

270 

43 

12 

2  087 

178 

3.703 

1016 

1010 

+  0{'^\ 

280 

44 

12 

2  09.> 

182 

3.549 

1075 

li'55 

+  'i,%% 

290 

45 

13 

2  098 

190 

3.;-i67 

1157 

1131 

+  2,"o"o 

300 

46 

13 

2104 

194 

3.237 

1221 

1188 

+  2,V„ 

As  I  presume  Professor  Waddell  would  not  claim  for  his  estimates 
absolute  exactitude,  the  correspondence  of  the  formula  as  that  of  esti- 
mate with  estimate  seems  all  that  could  be  desired.  The  short  ponv 
spans  are  all  greater  than  formula,  as  they  should  be,  as  there  is  ;io  va- 
riation of  cross-section  in  such  cases,  and  hence  an  excess  of  material. 

More  tests  are  wanted,  but  I  need  hardly  jjoint  out  that  they  must 
be  of  well  and  uniformly  designed  spans,  for  the  same  or  uniform 
specifications,  and  actual  data  must  be  used.  For  different  designs  and 
styles  the  value  of  m  may  need  to  be  changed.  Thus  in  Professor  Wad- 
dell's  case  we  have  two  values,  one  for  single  and  one  for  double  inter- 
section. But  for  same  design  and  style,  this  value  should  be  constant. 
This  is  equivalent  to  saying  that  if  we  take  /i  at  8  000  our  co-efficient  3.6 
includes  really  a  "co-efficient  of  design."  In  the  case  of  Mr.  Pegram  this 
co-efficient  is  unity.  For  Professor  War!  dell's  cases  it  is  0.8175  and 
0.72875.    In  any  set  of  uniformly  designed  trusses  it  is  simply  necessary 
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to  find  by  reversing  the  formula,  the  average  vahie  of  //  and  then  using 
this  average  value,  the  formula  can  be  trusted  to  reproduce  the  entire 
set  and  give  the  intiuence  upon  Aveight  of  any  change  in  dimensions. 

If  no  such  uniform  value  of /<  is  found  I  think  I  am  justified  in  con- 
cluding that  either  the  spans  are  not  uniformly  designed  to  the  same 
specifications  or  else  that  some  of  the  data  are  incorrectly  assumed. 

Mk.  Hughes'  Spans. 

This  is,  I  think,  the  case  with  Mr.  Hughes'  cases,  quoted  in  my  pve- 
vious  pajjer. 

Thiis  one  of  his  examples  is  double  intersection, 

/  =  200,  d  =  28,  N=  13,  w^  +ir.  +  (1-3  z=  1  560,  w^  =474. 
This  is  almost  identical  in  every  respect  with  one  of  Mr.  Pegram's 
cases,  and  yet  the  weight  as  designed  by  Mr.  Pegram  is  u-4  =  422. 
Taking  /<  =  8  000  for  Mr.  Pegram,  we  must  take  in  this  case  /i  =  7  116 
for  Mr.  Hughes.  But  this  value  of  jn  will  give  only  one  or  two  of  Mr. 
Hughes'  other  examples  with  such  accuracy  as  we  desire.  The  value  of 
/I  in  order  to  give  his  results  accurately  must  fluctuate  considerably  as 
is  shown  by  the  following  table.  The  values  of  w  i  are  taken  from  Table 
No.  1,  and  ic^  -j-  w^  as  given  by  Mr  Hughes.  The  last  two  spans  are 
double  track. 


I. 

d. 

N. 

'">!    +"'2  WJ-Wj 

w^  actual 
value. 

fi  from 
formula. 

S.  I.  50 

6)4 

4 

1895 

157 

6  320 

"   61 

8 

4 

1  810 

139 

8  539 

"   75 

21 

o 

1  666 

184 

5  508 

"   84 

21 

6 

1  677 

201 

6  714 

"  105 

20 

7 

1679 

206 

9  150 

"  120 

22.5 

H 

1678 

246 

8  960 

"  135 

22.5 

".) 

1663 

267 

10  052 

D.  I.  165 

27 

11 

1616 

382 

7  028 

"  184 

28 

12 

1573 

414 

7  356 

"  200 

28 

13 

1560 

474 

7  116 

S.  I.  142 

27 

7 

3  331 

423 

9  046 

"  150 

28 

7 

3  268 

409 

10  246 

It  seems  to  me  improbable  that  a  rational  formula  which  agrees  so 
well  with  the  results  of  two  designers,  for  both  of  whom  m  has  a  con- 
stant value,  should  suddenly  i^rove  inaccurate  for  a  third.  I  must  con- 
clude as  already  stated,  cither  that  there  is  some  error  in  the  data,  or 
that  the  spans  have  not  been  uniformly  designed  from  uniform  specifi- 
cations, and  hence  to  quote  Mr.  Pegram's  remark  upon  these  same 
spans,  "are  not  sufficiently  consistent  to  entitle  them  to  use  as  a  stand- 
ard." Our  formula,  even  in  Mr.  Hughes'  case,  Avould  give  good  results, 
but  not  such  close  corresjjondeuce  as  we  seek. 

More  tests  of  the  formula  under  proper  conditions  are  needed,  and  I 
trust  I  shall  be  favored  with  them,  or  Avith  all  the  necessary  data  to 
enable  me  to  make  them  mvself. 
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Least  Weight  Depth. 

If  we  diiferentiate   II   and  equate  the   first  derivative    to   zero,  we 
find  for  tlie  depth  which  gives  iv  4  a  minimum 


5(^—1) 


---]  +^ 


1.2 /<  N 


5  (iY— 1  J       {w^-i-iD.^  +  iVa)-\-A 
The  values  of  a  and  /i  are  to  be  taken  from  Table   No.  4,  and  of  A 
from  Table  No.  3.     For  standard   specifications  and  the  locomotive  sys- 
tem we  have  adopted,  we  may  take  ((Oi  +  ^«2  +  '"'3)  equal  to  2  000,  with- 
out noticeable  error. 

If  we  use  this  value  of  n'j^~\-w.,-\-n-3,  we  can  make  at  once  the  follow- 
ing tabulation,  which  will  enable  us  to  find  directly  the  least  weight 
depth  for  any  length  of  span,  for  Warren  single  or  double  intersec- 
tion. 

TABLE  No.  5. 

Least  Weight  Depth,  rf=  CI.     Values  of  C,  Given  in  Table. 


iV. 

Warren  girder  C. 

Single  intersection  C. 

Double  intersection  C. 

4 

0.2207 

0.2510 

0.2592 

5 

0.1978 

0.2258 

0.2436 

6 

0.1805 

0.2018 

0.2272 

7 

0.1669 

0.1846 

0.2122 

8 

0.1559 

0.1708 

0.1992 

9 

0.U67 

0.1596 

0.1875 

10 

0.1389 

0.1502 

0.1773 

11 

0.1348 

0.1420 

0.1684 

12 

0.1263 

0.1350 

0.1605 

13 

0.1211 

0.1290 

0.1534 

li 

0.1164 

0.1235 

0.1470 

15 

0.1123 

0.1196 

0.1413 

16 

0.1084 

0.1142 

0.1360 

17 

0.1049 

0.1102 

0.1312 

18 

0.1016 

0.1065 

0.1267 

19 

0.0986 

0.1031 

0.1226 

20 

0  0958 

0.0999 

0.1187 

If,  then,  our  formula  is  accurate  and  follows  correctly  change  in 
depth,  we  can  easily  find  at  once  the  depth  for  minimum  weight.  From 
Formula  I  and  Table  No.  2,  and  formulas  for  Wg,  we  can  then  find  the 
weight  of  iron  per  foot  for  any  number  of  panels.  By  a  few  trials  we 
can  thus  find  the  best  number  of  panels  corresponding  to  the  least 
weight  depth,  or,  with  any  desired  depth,  can  find  the  best  number  of 
panels. 

As  an  illustration,  take  a  span  of  101  feet,  single  intersection. 

For  JV=  4,  we  have  from  Table  No.  5,  o?=26.1  feet.  In  this  case 
wi  —  1  564,  W2  +  'W3  =  406,  and  Formula II  gives  us  Wi  =  207  pounds. 
We  have  then  from  I  total  weight  of  iron  =  826  pounds  per  foot. 
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For  iV  =  5,  we  should  find  in  like  manner  d  =  23.5  and  weight  820, 
and  for  JSf  =  Q,  d  =  21  and  weight  840  pounds  per  foot. 

We  see  at  once  that  the  best  number  of  panels  is  N  ;^  5.  Local  cir- 
cumstances and  peculiarities  of  design  may  determine  the  dej^th.  In 
such  case  we  can  easily  find  for  the  given  depth  the  best  number  of 
panels.  In  Mr.  Pegram's  example  of  104-foot  span,  the  depth  is  taken 
at  24  feet,  or  very  closely  what  our  formula  gives  it.  But  according  to 
our  formula  5  jjanels  instead  of  6  would  have  been  better. 

The  formula  also  shows  that  the  weight  varies  but  little  for  a 
moderate  change  of  depth,  other  things  remaining  the  same.  The 
least  weight  depth  is  then  of  minor  importance  except  as  indicating  in 
any  case  the  amount  of  deviation.  The  panel  length  is,  however,  of 
more  importance,  and  our  formula  comj^letely  confirms  the  results 
towards  which  best  modern  j^ractice  has  been  constantly  tending,  viz., 
long  panels. 

The  preceding  will  suffice  to  indicate  the  use  to  which  such  a  rational 
formula  as  that  which  we  present  may  be  put,  provided  it  is  sound  and 
accurate.  It  serves  not  only  as  a  means  of  estimating  weight  but  has 
scientific  interest  as  a  guide  in  design.  As  such  uses  depend  entirely 
upon  its  accuracy,  and  as  the  accuracy  is  at  present  the  precise  point  to 
be  established,  we  shall  not  further  indicate  the  directions  in  which  the 
formula  should  prove  valuable.  They  are  sufficiently  obvious.  Until 
the  accuracy  of  the  formula  is  first  established  and  admitted  it  would  be 
a  waste  of  time  to  attempt  to  largely  apply  it  to  problems  of  design. 

Empiric  Fokmula. 

As  variations  in  depth  do  not  largely  aff'ect  the  weight  of  truss,  and 
the  value  of  ic,  -\-  tvj  varies  but  little  around  a  constant  value,  it  would 
seem  possible  to  construct  a  purely  emj)iric  formula,  which  should 
contain  the  span  as  the  only  variable,  and  give  at  once  with  little  cal- 
culation and  with  sufficient  accuracy  for  an  estimate,  the  entire  ship- 
ping Aveight. 

Such  a  formula  was  presented  by  Mr.  Pegram  at  the  annual  Conven- 
tion, June  10th,  1884,  and  published  in  the  Transactions  for  February, 
1886.     His  formula  was: 


(-v) 


Total  weight  of  iron  in  pounds=  I  «  H —  )l  V   l 

By  giving  to  the  constants  a  and  c,  a  series  of  values  for  the  various 
load  systi'ms  specified,  and  changing  them  when  the  weight  deviated  too 
much  from  the  actual,  this  formula  showed  a  good  correspondence  with 
actual  weights  of  bridges  designed  according  to  the  specifications. 
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We  would  present  as  equally  simple  and  easy  of  application,  and  as 

more  accurate  so  far  as  can  be  judged  by  correspondence,  the  following 

formulas : 

a-i-  bl 
Total  weight  of  iron  in  pounds  = 

I 

For  Mr.  Pegram's  "  Class  M,"  for  plate  girders,  a  —  124  720;  h  = 
3  415;  c=  585,  and  for  truss  spans  under  320,  a  =  301  900;  b  =  562, 
c=518. 

For  "  Class  C,"  for  plate  girders,  a  =  393  880;  6  =  14  848;  c  =  2  040, 
and  for  truss  spans  under  320,  a  =  303  000;  &  =  1  160;  c  =  578. 

For  "  Class  T,"  for  plate  girders,  a  =  228  612;  5  =  7  774;  c  =  1  110, 
and  for  truss  spans  under  320,  a  =  293  343;  &  =  1  167;  c  =  549. 

We  give  in  the  following  table  the  comparison  of  the  results  of  these 
formulas  with  the  actual  values  as  given  by  Mr.  Pegram,  also  our  re- 
spective pe-centages  of  error.  All  spans  up  to  80  are  deck-plate 
girders,  8  feet  wide,  ties  on  top  chord.  Above  80,  through  Pratt  trusses 
up  to  150,  and  Whipple  over  that  length. 

It  would  seem  that  for  the  range  covered,  the  proposed  empiric  for- 
mulas are  considerably  more  accurate  than  those  of  Mr.  Pegram.  The 
constants  a,  b  and  c  are  easily  determined  for  any  series  of  executed  ex- 
amples, provided  they  are  all  uniformly  designed  in  accord  with  uniform 
specifications.  The  values  given,  of  course,  hold  good  only  for  Mr.  Pe- 
gram's cases.  But  any  designer  can  easily  make  out  the  constants  for 
his  own  i3ractice.  For  preliminary  quick  estimate  of  weight  such  for- 
mulas will  always  possess  value.  I  attribute  the  accuracy  of  those  just 
given,  to  the  fact  that  they  are  identical  in  form  with  that  required  by 
the  rational  discussion.  Judging  alone  from  the  correspondence  in  the 
cases  jus!:  given,  this  accuracy  is  suflScient  for  a  very  close  estimate. 
While,  therefore,  these  formulas  may  be  used  within  proper  limitations 
a3  giving  close  and  ready  approximations,  and  admit  of  being  varied  for 
individual  practice,  according  to  the  specifications  and  requirements  and 
style  of  bridge,  the  more  general  and  rational  formulas  which  have  been 
given,  possess,  if  accurate,  a  scientific  interest  and  value,  and  take  ac- 
count of  style  and  proportions. 
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THE     CONSTRUCTION    OF    THE    POUGHKEEPSIE 

BRIDGE.* 


By  John  F.  O'Roukke,  M.  Am.  Soc.  C.  E. 


Some  years  ago,  wlien  the  scheme  of  bridging  the  Hudson  River  at 
Anthony's  Nose  was  a  subject  of  frequent  discussion,  it  was  suggested 
by  the  Poughkeepsie  newsi^apers  that  the  physical,  geographical  and 
commercial  advantages  of  their  city  made  it  the  best  point  at  which  to 
locate  the  proj)osed  crossing.  The  idea  grew  among  the  citizens,  and 
through  their  efforts,  the  Legislature  of  1871  was  induced  to  grant  a 
charter  for  its  construction.  In  it  was  a  clause  prohibiting  piers  iu  the 
river. 

During  1871  the  promoters  had  surveys  made  and  the  engineering 
features  examined.  Eminent  authorities  were  consulted  as  to  the  possi- 
bility of  spanning  the  2  600  feet  between  the  shores  with  a  suspension 
bridge.  Among  others,  Captain  Eads  declared  the  span  too  long  for 
practicability  and  recommended  four  piers  in  the  river,  not  less  than  500 
feet  apart  in  the  clear.  These  facts  were  laresented  to  the  Legislature  of 
1872,  and  the  charter  was  amended  so  as  to  i^ermit  of  their  construc- 
tion. 

In  1873,  the  Pennsylvania  Railroad,  represented  by  J.  Edgar  Thom- 
son and  A.  D.  Dennis,   subscribed  $i  100  000;    the  capital  stock  being 

*  The  substance  of  this  paper  was  presented  at  the  Convention  of  1887,  but  was  with- 
drawn for  revision  by  the  author. 
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$2  000  000.  The  control  23assed  into  tlieir  hands  and  the  immediate 
buikling  of  the  bridge  seemed  assured. 

The  charter  required  that  the  work  should  be  begun  before  January 
1st,  1874,  so  a  part  of  the  foundation  of  a  pier  was  built  on  Eejnolds' 
Hill,  near  the  site  of  the  present  east  anchorage  pier,  and  on  December 
17th,  1873,  in  the  presence  of  a  distinguished  company,  the  corner-stone 
was  laid  with  elaborate  Masonic  ceremonies  and  general  rejoicing.  On 
February  22d,  1887,  this  stone,  with  its  contents  untouched,  was  re- 
moved, and  placed  without  ceremony  or  addition,  in  the  southwest 
corner  of  the  anchorage  i)ier  adjoining. 

The  financial  world  was  at  that  time  suffering  depression  from  the 
panic,  and  money  was  hard  to  get  for  anything,  however  promising. 
During  the  following  winter  Mr.  Thomson  died,  and  the  Pennsylvania 
Railroad  voted  that  no  new  work  should  be  undertaken  without  the  con- 
sent of  the  stockholders.  This  was  not  to  lie  had,  so  the  directors  could 
do  nothing,  and  the  project  rested  until  1876,  when  a  contract  was 
entered  into  with  the  American  Bridge  Company  of  Chicago,  and  the 
actual  work  of  building  begun. 

The  first  river  pier  from  the  west  shore  was  built  by  them  to  a  height 
of  20  feet  above  water;  the  crib  of  the  next  i^ier  sunk  through  55  feet 
of  water  and  40  feet  of  river  bed,  with  its  top  1  foot  above  high  water; 
and  a  third  crib  built,  36  courses  high,  but  not  placed,  when  the  com- 
pany siispended  work  in  1878. 

From  then,  nothing  was  done  but  to  keep  the  charter  alive  by  exten- 
sions of  time,  until  1886,  when  a  number  of  gentlemen,  forming  the 
Manhattan  Bridge  Building  Company,  took  up  the  project.  They  ac- 
quired the  rights  of  the  American  Bridge  Company's  assignees,  and  made 
a  contract  with  the  Union  Bridge  Company  for  the  entire  structure 
complete. 

In  September,  1886,  operations  were  begun.  A  line,  practically  the 
same  as  the  old  one,  Avas  adopted,  surveys  and  borings  were  made,  and 
a  profile  obtained,  from  which  the  location  of  the  piers  was  deter- 
mined. 

The  former  design  was  for  rectangular  trusses  of  equal  lengths. 
The  location  of  the  second  span  of  the  new  design  was  fixed  by  the  exist- 
ing pier;  and  its  length  of  525  feet  by  the  500  feet  of  clear  span  and  the 
25  feet  of  masonry  required.  The  same  length  of  span  to  the  west, 
would  place  Pier  1  in  the  West  Shore  Railway  tracks.     A  pier  on  the 
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east  slope  of  the  railway  would  be  inadmissible.  The  most  available  site 
was  on  the  bluflfs  west  of  the  highway,  and  this  was  selected.  By  this 
time  a  cantilever  design  had  lieen  decided  on,  and  the  530  feet  center 
to  center  of  end  jiins  necessary  to  reach  these  bluflfs  was  made  common 
for  all  three  cantilever  spans.  This  clear  span,  with  the  half- widths  of 
towers  added,  made  the  spans  next  the  shores  548  feet  and  the  center 
span  546  feet,  which  with  the  two  connecting  ones,  of  525  feet,  center  to 
center  of  piers,  located  Pier  6  in  the  face  of  the  rock  on  the  east  shore. 
The  total  length  between  anchorages  was  thus  established  at  3  093  feet 
9  inches,  the  total  length,  including  viaducts,  6  767  feet  3  inches. 

The  charter  fixed  the  bottom  of  trusses  at  130  feet  above  high  water ; 
so  the  height  of  trusses  proportionate  to  the  spans  required  the  adoption 
of  212  feet  above  high  water  as  the  grade  of  base  of  rail.  The  west  ap- 
l^roach  has  a  rise  of  66  feet  per  mile  westward  out  of  the  valley  of  the 
Hudson,  and  the  same  grade  Avas  adopted  on  the  viaducts,  since  it  did 
not  fiirther  limit  the  size  of  trains. 

After  the  adoption  of  the  general  design,  the  next  thing  was  an 
accurate  location.  The  West  Shore  road-bed  is  level  and  advantageous 
for  base  lines.  Two  were  laid  out  there,  each  about  half  a  mile  long, 
intersecting  the  center  line  at  a  common  point.  The  triangles  had  a 
point  on  center  line  on  the  east  shore  for  a  common  vertex,  and  were 
nearly  isosceles.  The  bases  were  measured  with  a  common  100-foot  steel 
ribbon  with  brass  handles,  and  without  a  sj^ring  balance  or  leveling  at- 
tachment. Chaining  in  the  sunshine  was  avoided,  so  correction  for 
temperature  was  exactly  determined.  Plugs  were  driven  flush  with 
the  ground  every  hundred  feet,  line  taken,  and  then,  with  the  chain 
suspended,  and  under  strong  tension,  a  distance  point  was  decided  on 
after  a  few  trials.  On  level  ground,  like  the  West  Shore  road-bed, 
errors  of  over  a  half  inch  to  the  mile  would  be  carelessness. 

The  angles  were  measured  with  a  Heller  &  Brightly  tunnel  transit. 
Twenty  repetitions  were  made  at  each  station,  a  reading  was  taken 
every  time  and  the  diflference  from  the  preceding  obtained,  to  guard 
against  errors  caused  by  the  slipping  of  the  plates.  One-twentieth  of 
the  twentieth  reading  gave  the  angle  to  the  fraction  of  a  second.  A 
third  triangle  was  measured  from  the  south  base  line  with  a  vertex  on 
center  line  82.07  feet  west  of  that  used  before. 

The -angles  of  the  north  triangle  had  a  deficiency  of  7  seconds,  those 
of  the  south  triangle  balanced  exactly,  and  those  of  the  third  had  an 
excess  of  1^  seconds. 
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The  distances  as  calculated  were  respectively  2608.66  feet,  2608.78 
feet,  and  2608.68  feet,  average  2608.71  feet.  2608.82  feet  was  the 
distance  subsequently  obtained  by  measuring  across  on  the  ice.  Some 
more  recent  triangulation  of  two  points  on  the  eastern  shore,  invisible 
from  each  other,  for  use  in  locating  cribs  4  and  5,  incidentally  gave 
this  distance  as  2608.60  feet,  although  great  accuracy  was  not  intended. 
The  triangulation  to  crib  3,  jjier  2,  and  upon  the  west  blufifs,  was 
equally  satisfactory,  several  independent  triangles  differing  from  each 
other  only  minutely. 

These  triangles  are  all  shown  on  the  accompanying  map,  Plate  LVL 

Work  proper  was  begun  October  8th,  1886,  excavating  for  founda- 
tions of  Pier  1;  that  for  Pier  6,  October  20th;  east  and  west  anchorages, 
November  10th. 

Masonry  of  Pier  6  was  begun  December  6th,  1886,  and  finished 
February  17th,  1887;  Pier  1,  January  7th,  1887,  finished  March  17th; 
east  anchorage,  February  8th,  finished  March  23d,  and  west  anchorage, 
January  26th,  finished  May  9th. 

All  shore  work  is  first-class  bridge  masonry,  the  hearting  being 
generally  concrete.  Built  in  each  anchorage  pier  are  four  iron  girders, 
underneath  which  are  cross-girders,  connected  with  eye-bars  to  the 
pedestals  of  the  shore  arms.  The  piers  are  heavier  than  is  necessary  to 
resist  any  possible  effort  of  the  cantilever  sj^ans  to  lift  them. 

The  borings  show  the  river  bottom  to  be  composed,  for  more  than 
100  feet  below  liigh  water,  of  various  combinations  of  mud,  clay  and  fine 
sand,  too  soft  for  building  upon.  Underlying  this  pasty  stuff  is  a  very 
firm  and  hard  stratum  of  rather  coarse  sand,  beneath  which  is  gi'avel, 
and  about  140  feet  down,  solid  ro:;-k  extending  from  shore  to  shore. 

The  general  design  of  a  pier  is  a  crib  and  grillage,  extending  from 
the  gravel  to  10  feet  below  high  water,  on  this  is  the  masonry  to  30 
feet  above  high  water,  upon  which  is  a  steel  tower  100  feet  high  to 
pedestals  of  trusses.     Plates  XLIV,  XLVI,  XLYII  and  L. 

The  cribs  are  practically  alike,  so  No.  5  will  be  described.  The  base 
is  60  X  100  feet,  and  the  height  104  feet.  It  is  built  of  12  x  12-inch 
white  hemlock,  except  the  bottom  course,  which  is  of  Avhite  oak.  The 
lower  part  or  shoe  is  composed  of  five  prisms  of  solid  timber,  20  feet 
high,  the  cross-sections  of  which  are  triangular  with  the  bases  on 
top,  the  vertices  lying  in  the  five  catting  edges  which  divide  the  bottom 
into  two  rectangles  each,  30  x  100.     The  top  surface  of  this  shoe  is  10 
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feet  wide  at  the  sides,  9  feet  at  tlie  ends  and  16  feet  in  tlie  middle. 
These  prisms  inclose  two  truncated  pyramidal  spaces,  the  toj)S  of 
which  are  12  x  82  feet.  These  spaces  are  divided  into  fourteen  smaller 
ones,  by  six  bulkheads  of  timber,  2  feet  thick,  that  are  built  into  the 
solid  cribbing  from  the  cutting  edges  up.  These  subdivisions  are 
called  the  dredging  chambers,  and  are  10  x  12  feet  on  top.  Upon  the 
shoe  rest  the  weighting  pockets.  The  walls  of  these  are  of  12  x  12 
timber,  2  feet  thick,  and  built  along  on  the  edges  of  the  top  surface  of 
the  shoe,  and  on  the  bulkheads  of  the  dredging  chambers.  They,  in 
every  instance,  intersect  each  other  and  extend  from  out  to  out  of  the 
crib.  The  building  is  done  without  halving,  by  laying  all  the  longi- 
tudinal timbers  of  one  coiirse  across  the  intersections,  the  transverse 
ones  being  cut  the  length  of  the  spaces  between.  The  next  course  is 
laid  with  the  ti'ansverse  timbers  running  across  the  intersection,  while 
the  others  are  fillers. 

The  drift  bolts  used  are  1  inch  round  by  30  inches  long,  450  to  each 
coui'se.  The  number  was  determined  by  learning  from  experiment  that 
a  1-inch  bolt  driven  into  a  if  hole  adhered  about  422  pounds  per 
linear  inch.  It  was  assumed  that  the  buoyancy  of  all  the  parts  above 
the  solid  cribbing  could  act  at  once  on  all  the  bolts  through  that  joint. 
The  number  of  bolts  giving  a  safe  excess  of  resistance  was  made  uniform 
for  all  the  courses. 

The  openings  over  the  dredging  chambers  are  the  passages  through 
which  the  dredge  bucket  descends.  They  are  called  the  dredging 
pockets. 

Cribs  may  be  built  for  some  height  on  ways  and  launched,  or  they 
may  be  built  on  the  ice  about  three  courses  high  and  cut  in.  Building- 
is  continued  alongside  a  wharf  until  the  draft  is  nearly  the  depth  of  the 
river,  when  it  is  taken  to  the  pier  site,  anchored,  set,  the  weighting 
pockets  loaded  with  gravel  to  keep  the  top  at  a  convenient  distance 
above  the  water,  and  built  upon  until  it  is  embedded  in  the  mud. 
Weighting,  building  and  dredging  are  then  carried  on  with  more  or  less 
continuity  until  the  crib  has  reached  its  final  resting  place. 

The  borings  give  an  approximate  idea  of  how  far  a  crib  should  go  to 
reach  a  reliable  bottom,  suflficiently  close  for  general  plans,  but  the 
dredge  bucket  is  better,  and  a  close  attention  to  its  working  and  con- 
tents gives  a  true  idea  of  the  character  of  the  strata. 

Twenty  feet  below  high  water  was  adopted  as  the  dej)th  to  which  the 
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top  of  the  crib  was  to  be  sunk,  so  it  follows  that  it  must  be  finislied  oflf, 
while  it  has  yet  about  twenty  feet  to  go.  When  dredging  begins  there 
is  no  side  friction.  The  material  is  soft,  and  the  crib  follows  the  dredg- 
ing easily  and  evenly.  When  the  crib  has  penetrated  perhaps  20  feet 
into  the  bottom,  the  material  is  more  compact  and  side  friction  has 
become  considerable.  It  no  longer  moves  steadily,  but  by  intermittent, 
though  gradual  descents.  Toward  the  end  the  crib  hangs  until  the 
bottom  is  undermined,  when  it  drops  sometimes  as  much  as  10  feet  at 
once,  its  motion  being  like  that  of  a  weight  set  free  on  the  surface  of  a 
thick,  soft  cushion;  and  it  comes  to  rest  without  jar.  The  dredge  can 
only  dig  well  holes,  whose  areas  are  about  one-fourth  that  of  the  bottom 
of  the  crib,  and  it  must  depend  txpon  the  material  falling  in  from  the 
sides  for  the  greater  part  of  the  excavation.  These  holes  are  often  30 
feet  below  the  cutting  edge  when  in  hard  material,  which  is  not  sand,  so 
a  timely  knowledge  is  obtained  of  how  far  down  the  crib  should  go,  and 
to  what  height  it  should  be  built.  The  top  course  timbers  floor  over  the 
entire  surface,  except  the  dredging  pockets,  after  the  weighting  pockets 
have  been  filled  flush  with  the  course  below.  Upright  timbers,  about 
thirty  feet  long,  are  then  fastened  to  the  inner  sides  of  alternate  pockets 
to  indicate  to  the  dredge  runner  their  position  when  under  water,  and 
clusters'  of  piles  are  driven  around  the  crib  for  the  dredge  to  lie  against 
when  the  former  is  below  the  surface  of  the  water.  Toward  the  end  the 
dredging  must  be  done  with  great  care,  and  only  a  few  bucketfuls 
removed  from  each  pocket  as  the  dredge  goes  round  and  roiind  the  crib. 
It  was  found  that  when  oiit  of  level  in  hard  material  a  crib  righted  itself 
if  the  material  was  left  highest  on  the  high  side,  as  the  momentum  in 
falling  is  greatest  there.  In  soft  material,  the  crib  settling  slowly  along 
with  the  dredging,  that  keeping  the  bottom  low  under  the  high  part, 
remedied  the  difficulty.  When  the  crib  has  made  its  final  descent  all 
the  loose  material  is  dredged  out,  and  filling  the  dredging  chambers  and 
jDOckets  with  concrete  is  begun. 

The  concrete  is  lowered  into  place  in  boxes  earx*ying  a  cubic  yard;  a 
tag  line  attached  to  a  trip  unlatches  them  at  the  proper  time,  and  it  is 
deposited  without  being  scoured.  These  boxes  are  hung  over  the  ends 
of  scows,  from  which  project  the  mixers.  The  latter  are  simply  rectangu- 
lar boxes  of  plate  iron,  jjrovided  near  each  end  with  cast-iron  collars, 
each  gi'ooved  to  retain  itself  on  a  couple  of  wheels,  and  are  turned  by 
means  of  a  small  engine  which  forms  part  of  the  machine.     A  jet  of 
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water  inside  and  a  curved  pipe  to  tlie  level  of  the  mixing  deck  for  feed- 
ing, completes  an  effective  machine.  The  mixer  is  set  at  an  inclination 
of  about  4  degrees,  so  that  the  concrete  may  pass  along  as  it  is  rapidly 
turned  over  and  over.  On  the  deck  of  the  scow  gravel  is  mixed  dry 
with  1^  barrels  per  cubic  yard  of  cement,  whence  it  is  wheeled  in 
barrows  or  cast  into  the  feed  i^ipe.  By  this  method  400  cubic  yards  are 
placed  by  two  outfits  in  ten  hours.  The  accompanying  drawing,  Plate 
XL VII,  shows  the  operation  at  Crib  3.  When  the  crib  is  filled  with 
concrete  to  within  2  feet  of  the  top  of  pockets,  the  remaining  part  is 
filled  with  broken  stone  and  leveled  by  divers. 

The  floating  caisson  is  then  towed  to  place  over  the  crib,  fastened 
with  four  anchors,  and  the  masonry  begun.  "When  the  caisson  is  just 
afloat  at  high  water  only,  it  is  accurately  set,  and  masonry  and  loose 
stone  enough  to  hold  it  down  put  in  before  the  next  high  tide.  Then 
an  exact  location  of  the  pier  is  made,  using  a  suspended  piano  wire  to 
lay  out  the  span.  From  this  point  on  the  work  is  ordinary  building 
until  the  masonry  is  completed  and  ready  for  the  steel  tower.  The 
ashlar  is  in  courses  varying  in  thickness  from  2  feet  9  inches  to  1  foot 
10  inches.  The  use  of  concrete  backing,  with  large  stones  imbedded  in 
it,  enables  about  125  cubic  yards  per  day  to  be  laid,  and  gives  a  pier 
which  is  practically  a  monolith. 

Domestic  cement  is  iised  in  the  concrete  for  the  cribs,  Portland 
cement  in  the  masonry.  The  mortar  is  mixed  of  one  part  cement  and 
two  parts  sand,  and  the  concrete  backing  contains  1^  barrels  per 
cubic  yard.  All  cement  is  rigidly  tested  in  the  manner  recommended 
by  the  American  Society  of  Civil  Engineers.  Ten  -pev  cent,  of  the 
barrels  are  sampled. 

The  testing  machine  used  was  designed  by  the  writer  for  this  work. 
Its  capacity,  which  can  be  readily  increased,  is  1  000  pounds,  and  it  is 
simple,  compact  and  reliable.  From  the  drawing  attached,  Plate  XLIII, 
it  can  be  easily  duplicated  by  an  ordinary  mechanic. 

.It  is  worthy  of  note  that  the  best  results  were  obtained  when  the 
opening  between  the  jaws  of  the  clips  had  been  increased  to  li  inches. 
With  a  smaller  opening  the  briquettes  broke  where  held,  instead  of  at 
the  smallest  section.  Even  with  the  enlarged  opening  the  older  bri- 
quettes often  break  at  the  clips. 

Pier  2,  as  before  stated,  was  built  to  20  feet  above  high  water  by  the 
American  Bridge  Comi^any.     It  was  22  by  68  feet,  and  was  to  have  been 
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carried  to  to})  of  bridge.  The  steel  towers  designed  by  the  Union 
Bridge  Company  require  piers  2.5  by  87  feet,  and  consequently  the  old 
masonry  was  too  small.     (See  Plate  XLVIII.) 

The  crib  of  this  pier  is  like  the  one  described,  differing  only  in  that 
it  is  10  feet  narrower,  that  all  the  pockets  are  filled  with  concrete,  and 
that  it  has  iron  cutting  edges.  It  was  begun  in  August,  1876,  and 
launched  in  March,  1877. 

During  that  season  it  was  brought  to  place  and  completed.  Its 
upper  eight  courses  were  calked,  and  a  coflfer-dam  was  built  upon  it. 
This  was  begun  while  the  top  was  yet  out  of  the  water,  and  continued 
as  the  crib  settled. 

When  in  place,  the  cutting  edges  were  100  feet  below  high  water, 
and  the  top  30  feet  below  same.  After  the  dredging  chambers  and 
pockets  were  filled  with  concrete,  the  coflfer-dam  was  pumped  out.  The 
upward  pressure  of  a  38-foot  head  proved  greater  than  the  united  resist- 
ance of  drift  bolts,  concrete  and  weight  of  everything  above  bottom  line 
of  calking.  The  whole  mass  above  that  line  lifted  at  the  north  end, 
hinging  at  the  south  end.  As  the  water  entered  it  settled  back,  but  the 
bolts  and  debris  prevented  its  closing,  and  left  a  space  of  about  8  inches 
at  the  north,  which  runs  out  to  nothing  before  reaching  the  soutli. 

A  bearing  below  this  rupture  was  obtained  by  sinking  a  pneumatic 
caisson  8  feet  through  the  crib.  It  is  16  feet  high,  and  the  top  is  22 
feet  below  high  water.     Upon  this  rests  the  masonry. 

To  remove  tliis  masonry  from  the  top  of  the  caisson,  or  to  in  some 
way  avoid  doing  so,  and  yet  construct  a  good  homogeneous  base  for  the 
larger  j^ier,  was  the  problem. 

The  crib  is  50  by  100  feet,  the  pneumatic  caisson  29  by  74  feet  and  8 
feet  higher,  so  it  was  decided  to  sink  a  coflfer-dam  43  l)y  96  feet  6 
inches  down  on  the  top  of  the  crib,  fill  up  the  inside  with  concrete  to 
a  point  a  little  below  that  from  which  it  would  be  necessary  to  remove 
the  stone,  pump  out  the  coflfer-dam,  take  down  the  old  masonry,  tie 
together  securely  the  coflfer-dam,  concrete  and  old  pier,  and  cover  the 
whole  with  more  concrete,  upon  which  the  new  masonry  was  to  rest. 

The  building  of  this  coflfer-dam  was  begun  January  20th,  1887.  It 
is  substantially  two  thicknesses  of  12  x  12  timbers  laid  horizontally  and 
separated  Ijy  vertical  timbers  of  the  same  size.  The  horizontal  timbers 
were  fastened  through  each  i)08t  with  J-inch  round  by  36-inch  screw- 
bolts,  the  ends  being   lield  down  by  ?-inch   square   by  24-inch  drifts. 
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The  bottom  course  had  12  x  12  fillers,  making  it  solid,  so  that  the 
spaces  between  the  posts  were  pockets.  These  were  filled  16  feet  high 
with  concrete,  and  the  remainder  with  clay. 

Building  it  was  begun  on  the  ice,  and  after  three  courses  were  laid  it 
was  cut  in.  About  one-third  of  it  floated  above  the  water,  and  every 
course  was  calked  on  the  outside  before  immersion.  When  some  twelve 
courses  were  laid,  concreting  the  pockets  was  begun  and  carried  on  at  a 
rate  to  keep  the  toj)  conveniently  high  above  the  water.  This  concrete 
was  lowered  in  boxes  10  x  16  x  36  inches,  and  discharged  through  the 
bottom  by  means  of  a  latch  and  tag  line.  When  the  filling  changed  from 
concrete  to  clay,  the  latter  was  shoveled  in  and  rammed  as  well  as  could 
be  done.  It  may  be  said  here  that  it  was  a  mistake  to  use  clay,  for  it 
could  not  be  rammed  solid,  and  was  constantly  escaping  and  giving 
trouble.  The  coffer-dam  was  finished  March  1st,  1887.  In  a  few  days 
it  was  brought  to  a  good  bearing  on  the  crib,  and  all  the  inequalities 
under  it  were  leveled  by  the  divers  with  concrete  in  bags.  Some  of  the 
concreting  inside  the  dam  was  done  while  the  ice  would  bear,  after 
which,  until  the  latter  went  out,  work  was  suspended.  When  the  river 
was  again  clear,  concreting  was  resumed  and  carried  up  to  12  feet  below 
high  water  Then  the  dam  was  jjumped  out  and  the  old  masonry  re- 
moved to  9.5  feet  below  the  same.  Across  the  top  of  this  were  laid 
1^  X  2-inch  iron  bars;  attached  to  each  pair  were  semicircles  5  feet  in 
diameter  of  the  same  size  iron,  having  i  x  8-inch  plates  riveted  on  their 
inside.  These  hung  over  the  masonry  to  a  foot  or  two  below,  and  were 
attached  to  the  coffer- dam  with  stirrups  of  2xi-inch  iron.  The  bolts 
of  the  dam  have  the  nuts  inside,  so  the  ends  of  the  stirrups  simj)ly 
took  the  place  of  the  washers.  Four  similar  bars  run  lengthwise 
through  the  pier,  and  are  fitted  to  the  ends  of  the  dam  in  the  same 
way.  Everything  was  then  wedged  to  a  bearing,  the  water  was  admitted, 
and  the  whole  covered  with  concrete  to  a  foot  above  the  old  masonry. 
After  a  few  days  had  been  given  the  concrete  to  hai'deu,  tlie  dam  Avas 
again  pumped  out,  and  the  new  masonry  begun.  All  the  concrete  used 
was  composed  of  two  parts  of  Alsen's  Portland  cement,  three  parts 
sand  and  six  parts  screened  gravel.  It  was  all  deposited  in  w'ater,  and 
samples  brought  up  by  the  divers  as  the  work  progressed,  showed  it 
to  be  as  good  as  if  it  had  been  deposited  in  air. 

The  crib  of  Pier  3,  as  before  stated,  was  96  feet  high,  and  the  cutting 
■edge  down  to  95  feet  below  high  water  when  the  Union  Bridge  Company 
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took  the  work .  Some  rotten  timbers  in  the  three  toj)  courses  were  re- 
placed by  sound  ones,  and  four  feet  of  solid  cribbing  was  added,  to 
bring  it  to  a  height  of  100  feet,  after  which  the  dredging  was  begun. 
This  went  very  slowly  at  first,  and  the  crib  did  not  settle  until  sand  was 
reached,  the  buckets  making  only  wells  down  through  the  clay.  The 
sand,  however,  flowed  into  the  holes,  and  the  clay  being  undermined, 
the  crib  settled  six  feet  at  one  end  and  four  feet  at  the  other.  This  was 
four  weeks  after  dredging  began.  For  the  next  two  weeks  it  went  down 
with  comi3arative  uniformity,  when  it  again  hung,  the  cutting  edge 
being  at  elevation  118  feet.  This  is  the  level  of  hard  sand,  and  as  it  was 
desired  to  get  it  into  the  latter  a  few  feet,  the  dredging  was  continued. 
On  May  21st  it  dropped  between  7  and  8  feet,  canting,  at  the  same  time, 
a  couple  of  feet  to  the  west.  It  had  been  leaning  in  that  direction  from 
the  first,  and  the  result  of  this  last  move  was  to  make  the  center  of  crib 
5  feet  east  of  center  of  span,  1  foot  higher  on  the  east  than  on  the  west , 
and  1  foot  higher  on  the  north  than  on  the  south.  The  crib  being  60 
feet  wide  and  masonry  25  feet,  there  is  yet  12^  feet  of  crib  outside  the 
masonry  on  the  east.  As  the  resultant  of  pressures  and  center  of  bottom 
of  crib  practically  agree,  we  felt  no  doubt  of  its  perfect  stability,  yet  for 
convenience  in  construction  a  week  or  more  was  sjjent  dredging  to  the 
rock,  and  outside,  on  the  east,  to  bring  it  level,  but  the  crib  remained 
immovable.  The  masonry  is  laid  on  a  bed  of  Portland  cement  concrete, 
the  top  of  which  is  level  when  the  caisson  rests  on  the  crib. 

Crib  4  had  been  moored  nine  years  at  the  Whale  Dock,  Poiighkeepsie. 
It  was  towed  from  there  on  Thanksgiving  Day,  1886,  to  the  south  end  of 
Crib  3.  Five  feet  of  rotten  timber  were  removed,  and  then  building 
upon  it  was  begun  with  the  thirty-second  course  and  continued  to  the 
fifty-sixth,  when  it  was  ready  for  anchoring  in  place.  This  is  a  difficult 
operation  under  the  most  favorable  circumstances,  with  the  dead  load  of 
more  than  5  000  tons.  It  is  an  unwieldy  bulk,  having  a  large  vertical 
oiitside  area  submerged,  and  several  thousand  square  feet  additional  of 
walls  inside  against  which  the  current  from  underneath  would  act.  It 
was  drawing  52  feet  of  water. 

The  first  preparation  was  to  place  anchors  in  the  river  and  to  leave 
the  ends  of  the  cable  accessible.  These  anchors,  as  shown  by  the  draw- 
ing, Plate  LVII,  are  simply  cribs,  measuring  on  the  inside  6x6x6  feet, 
and  contain  8  cubic  yards  of  broken  stone.  They  are  comisosed  of  3  x 
8-inch  hemlock  planks,  10  feet  long,  piled  on  each  other  so  as  to  leave 
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the  above  inside  dimensions.  Througli  the  corners  are  eyebolts  of  Ij- 
inch  round  iron,  which  serve  the  double  jiurpose  of  binding  t"he  whole 
together  and  carrying  the  rope  slings  to  which  the  cables  are  attached. 
There  are  also  light  screw-bolts  through  the  middle  of  the  sides  to  carry 
a  cross-piece  for  reinforcing  the  bottom.  When  ready  for  filling  these 
cribs  are  placed  on  greased  ways  on  a  scow,  in  the  manner  shown, 
usually  one  on  each  corner,  and  fastened  with  rope  to  the  deck.  They 
are  filled  with  stone,  the  tojjs  are  put  in,  and,  if  not  done  before,  slings 
of  7-inch  rope  are  spliced  through  each  pair  of  eyes  and  wrapped  with 
sail  cloth  where  liable  to  chafe.  The  slings  are  then  gathered  in  iron 
thimbles,  round  which  the  cables  are  bent,  and  fastened  with  three  clips 
each.     They  are  then  ready  for  launching. 

The  mode  of  placing  is  to  tow  the  scow  out  to  a  range  line  marked 
on  the  nearest  shore  and  shift  about  on  that  until  signaled  by  a  trausit- 
man,  when  the  rope  attaching  the  anchor  to  the  deck  is  cut,  allowing 
it  to  slide  overboard.  The  cable  is  slowly  paid  out  until  the  end  is 
brought  to  the  pier  site  and  buoyed,  or  made  fast  to  a  scow,  in  either 
case  marked  with  a  tag. 

In  the  beginning  three  up-stream  and  three  down-stream  anchors, 
with  two  lighter  ones  for  each  side,  were  thought  sufiicient.  At  the  first 
attempt  to  set  Crib  4  there  was  delay  in  unmooring,  and  the  spring 
freshet  just  setting  in  made  the  ebb  tide  early,  so  it  had  commenced 
running  when  we  got  away.  Before  proceeding  far  it  grew  too  strong 
for  the  steamer,  and  the  latter  dropped  back  to  Crib  3.  Preparations 
were  made  to  draw  the  crib  up  again  where  it  had  been.  Two  more 
steamers  were  attached,  a  cable  to  Crib  3  was  put  on  a  capstan  and  a 
line  was  connected  to  the  cable  of  one  of  the  anchors.  The  tide  grew 
too  strong,  however,  the  new  9-inch  towing  liawser  attached  to  the 
largest  steamer  broke,  then  the  capstan  was  dismantled  as  the  cril)  com- 
menced to  drift,  and  soon  it  was  going  down  the  river  dragging  three 
steamboats  and  one  anchor  with  perfect  ease.  The  crib  was  drawing 
Avithin  a  few  feet  of  the  depth  of  the  river  in  the  deepest  place  and 
grounded  once  or  twice,  but  the  tendency  in  such  cases  is  to  follow  the 
trend  of  the  stream.  It  had  gone  three  miles  when  the  tide  turned, 
after  which  it  was  brought  l)ack  at  midnight  to  Crib  3  without  acci- 
dent. This  was,  perhaps,  the  most  difficult  feat  accomplished  in  i-on- 
nectiou  with  the  work.  A  full  and  very  bright  moon,  and  an  entire 
absence  of  wind  alone  rendered  it  possible. 
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This  experience  and  the  fact  that  the  freshet  was  hourly  growing 
stronger  gave  a  different  idea  of  the  force  to  be  contended  with.  The 
number  of  up-stream  and  of  down-stream  anchors  was  increased  to  five, 
the  ends  of  the  cables  were  this  time  placed  on  a  scow  at  the  pier  site, 
and  on  the  afternoon  of  April  11th  the  crib  was  again  towed  out.  The 
five  up-stream  anchors  Avere  fastened  on  before  the  tide  grew  strong,  but 
when  it  did,  the  crib  commenced  dragging  them  slowly.  Then  surging 
set  in,  and  soon  the  northeast  cable  parted,  after  that  the  northwest 
one,  and  then  it  dragged  the  other  three  anchors  very  readily.  There 
was  just  time  to  fasten  the  five  down-stream  anchors  when  the  crib 
brought  up  on  them  and  was  held.  So  it  stood  for  three  days,  until  the 
same  number  of  anchors  was  again  ready.  Two  of  the  up-stream  anchors 
were  behind  clusters  of  piles.  This  time  the  crib  was  securely  moored 
in  place  after  several  hours'  hard  work.  There  was  some  motion  when 
the  cables  were  drawn  uj)  tense.  It  Avas  exi^ected  to  stop  this  by  ground- 
ing, but  the  bottom  scoured  as  fast  as  the  crib  settled.  On  the  19th  it 
commenced  surging  badly  and  dragging  the  anchors,  and  on  the  morn- 
ing of  the  20th  parted  the  cables  of  the  anchors  behind  the  piles,  drag- 
ging the  others  300  feet  down  stream.  On  the  next  ebb  tide  several  more 
cables  were  parted,  the  crib  commenced  to  drift  slowly  down  stream,  and 
it  seemed  as  if  it  would  get  away.  The  freshet  at  this  time  was  so  great 
that  the  tide  did  not  rim  up  stream  in  rising,  and  when  the  ebb  was  at 
its  strongest,  seemed  to  run  in  surges,  one  moment  backing  ofi"  from  the 
cribs  smooth  and  gentle,  and  the  next  breaking  at  one  or  both  corners 
in  angry  potholes.  The  crib  surged  and  dragged  and  plunged  with  ex- 
ceeding force,  and  it  seemed  as  if  nothing  could  hold  it.  New  anchors 
were  being  constantly  attached,  scow  loads  of  which  were  following  it 
up.  In  launching  them  allowance  had  to  be  made  for  the  distance  the 
crib  would  drift  while  the  ends  of  the  cables  were  being  brought  aboard 
and  fastened,  so  that  they  would  just  reach  and  give  the  most  favorable 
lead.  Soon  there  were  ten  on  which  held.  Two  steamers  kept  the  crib 
from  turning  around,  and  so  things  stood  until  the  22d.  At  this  time 
half  the  anchors  were  parted,  and  she  had  to  be  brought  up  before  the 
preparations  were  entirely  complete,  or  else  go  out  with  the  next  tide. 
The  crib  was  now  drawing  56  feet,  and  on  the  way  back  to  place  had  to 
crush  several  of  the  lost  anchors.  We  were  now  very  expert  in  hand- 
ling cables,  and  soon  had  six  anchors  on  her  bow,  as  the  up-stream  end 
might  be  called.     A  cluster  of  piles  was  in  front  of  each  up-stream 
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anchor.  There  were  also  five  side  anchors,  two  cables  attached  to  Crib 
3,  and  three  anchors  down-stream,  when  we  left  late  that  night,  but  in 
spite  of  all,  the  crib  surged  badly  and  two  steamboats  were  kept  pulling 
to  steady  it.  The  next  morning  two  additional  bow  anchors  and  four 
more  side  anchors  were  put  in.  When  they  were  all  tightened  up  to 
perhaps  10  tons'  tension  each,  the  crib  was  immovable.  Then  it  was 
felt  that  she  had  made  her  last  triji.  Two  days  more  were  occupied 
in  setting  her  in  i)Osition,  clamping  the  cables  permanently  on  horns 
outside,  eqvializing  the  tension,  and  removing  the  tackle. 

It  may  be  asked  why  we  so  underrated  the  forces  to  be  controlled. 
At  first,  there  was  nothiiig  to  guide  us  but  the  experience  of  the  builders 
of  the  first  two  cribs,  and  we  used  precisely  what  succeeded  with  them. 
Modifications  were  made  as  the  necessity  seemed  to  grow,  and  success 
was  finally  achieved  when  the  working  strength  of  the  cables  was  nearly 
1  000  tons.  Their  aggregate  length  was  about  three  miles.  Such  a 
freshet  in  the  Hudson  is  unexampled,  and  the  work  was  done  when  it 
was  at  its  worst. 

The  current,  as  measured,  was  about  2h  miles  per  hour,  on  an  average, 
but  there  were  times  when  it  seemed  more  than  twice  that.  There  is 
no  way  of  obtaining  the  exact  pressure  due  to  this  cause  under  the 
circumstances,  but  one  of  the  effects  observed  may  give  a  good  apiiroxi- 
mation  to  the  stresses  in  the  cables.  When  the  tide  was  strongest,  the 
end  of  the  crib  opposed  sank  two  feet  deeper  than  in  still  water,  the 
other  end  rising  about  6  inches.  This  is  probably  due  to  the  vertical 
components  of  the  stresses  in  the  up-stream  cables.  The  displacement 
was  2  000  cubic  feet,  or  about  60  tons,  of  which,  perhaps,  40  tons  go  to 
that  end.  Length  of  cable  is  to  depth  of  water  as  eight  to  one,  which 
would  give,  approximately,  320  tons  as  total  stress  in  cables  at  north  end, 
of  which,  i^erhaps,  210  tons  went  to  the  eight  up-stream  cables,  the 
remainder  to  those  side  ones  which  were  a  little  up-stream.  So  it 
would  ajjpear  the  cables  were  worked  up  to  their  limit,  which  was 
shown  also  by  the  strands  drawing  in  j)Iaces. 

The  anchors  of  Pier  5  were  placed  eight  up-stream,  six  down-stream, 
and  eight  at  the  sides,  as  shown  by  drawing,  Plate  LVIII.  The  use  of  piles 
in  front  of  them  was  abandoned,  since  the  anchors  never  drew  uiy  to  the 
clusters,  except  when  the  crib  dragged  from  si^i-ging.  They  were  jilaced 
in  groups,  so  as  to  draw  in  nearly  the  same  line.  For  putting  the  cables 
under  tension,  an  engine  having  six  spools  was  used  with  great  success, 
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as  several  could  be  tightened  at  one  time,  more  equally,  and  to  a  greater 
strain  than  w.th  men.  This  crib  was  towed  out  and  made  fast  on  the 
afternoon  of  May  25th.  On  that  of  the  26th  it  was  placed  exactly  in 
position.  No  trouble  was  encountered  at  any  time.  The  tide  was  not 
so  bad  as  when  Crib  4  was  set,  but  the  ebb  was  vet  abnormally  strong. 
The  anchors  were  those  used  on  Crib  4.  They  were  lifted  with  a  pile- 
driver,  towed  to  their  new  positions  and  deposited  without  mishap. 
Notwithstanding  the  rough  usage  they  had  undergone,  only  one  of 
those  raised  was  found  to  be  broken. 

The  dredging  proceeded  very  evenly  on  Cribs  4  and  5.  The  daily 
progress  of  each,  including  building,  loading  and  dredging,  was  about 
one  foot  per  day.  It  is  possible,  by  building  during  the  day,  and 
dredging  and  weighting  by  night,  to  double  the  speed. 

This  method  of  sinking  foundations  is  applicable    wherever   mud 
clay,  or  sand,  has  to  be  penetrated.     While  the  bottom  remains  unsafi 
for  founding  on,  it  can  be  dredged,  so  there  is  practically  no  limit  to 
the  depth  that  may  be  attained. 

It  is  not  intended,  in  this  paper,  to  treat  of  the  design  or  manufacture 
of  the  superstructure,  but  some  notes  regarding  the  erection  may  be 
interesting.  There  are  four  sets  of  false-work  for  the  main  bridge,  two 
sets  for  the  shore  arms,  and  two  for  the  connecting  spans.  The  former 
extend  to  the  bottom  of  the  upper  chord.  Their  noteworthy  features 
are  great  height,  and  the  permanent  character  of  the  framing  and  bolt- 
ing necessary  to  secure  stability. 

For  the  connecting  spans,  the  depth  of  the  water  and  the  character 
ol  the  river  bed  necessitate  the  use  of  compound  piles  130  feet  Ion o- 
There  are  22  bents  of  24  piles  each.     They  are  made  of  two  vellow-pine 
piles,  with  the  butts  dressed  for  a  distance  of   10  feet  to  an  octagonal 
cross-section  of  12  inches'  diameter.    These  are  spliced  with  eight  pieces 
of  spruce  4  x  5  inches  x  20  feet  long,  fastened  flatwise  with  A^-inch  boat 
spikes,  8  inches  long,  driven  1  foot  apart.     It    occasionally  becomes 
necessary  to  draw  some  of  these  piles.     The  bond  is  broken  by  addi- 
tional driving.     The  first  few  blows  upon  the  pile,  with  a  6  500-pound 
hammer  and  a  fall  of  4  feet,  hardly  move  it,  although  when  driven 
at  went  a  foot  with  the  final  blow.     When  started  in  this  way,  it  would 
hod  together  to  be  drawn  out;  and  could  then  be  suspended  horizon- 
tally from  the  middle  without  showing  less  stiflhess  at  the  splice  than 
elsewhere. 
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There  are  528  piles  for  a  sj^an,  arranged  in  sets  of  three  under  each 
post,  firmly  braced  above  low  water,  and  fastened  to  the  masonry  at 
each  end.  The  load  on  each  pile  will  be  about  5  tons,  which  the  ham- 
mer test  mentioned  shows  to  be  much  less  than  its  carrying  capacity. 

The  caps  of  piling  are  12  feet  above  high-water,  and  from  them  the 
trestle  work  extends  to  the  bottom  chord,  an  elevation  of  130  feet.  De- 
tails of  this  trestle  are  shown  by  accompanying  drawings. 

The  deck  of  the  false-work  is  occupied  by  iour  tracks.  The  two 
outer  tracks  are  of  8-foot  gauge,  and  upon  these  runs  the  large  traveler 
for  the  erection  of  the  span,  which  extends  entirely  across  the  space  be- 
tween these  two  outer  tracks.  The  two  rails  next  inside  of  these  outer 
tracks  are  occuj^ied  by  a  hydraulic  riveting  apparatus,  which  sjiaus  the 
space,  19  feet  wide,  between  these  two  rails.  A  single  track  of  4  feet,  Sc- 
inch gauge  at  the  center  of  the  false-work,  carries  the  cars  conveying  the 
material. 

The  traveler  is  composed  of  four  bents,  95  feet  high,  56  feet  wide  at 
the  bottom,  62  feet  at  the  top,  and  set  22  feet  apart  between  centers.  It 
encloses  an  oiJening  38  x  82  feet  6  inches,  inside  which  the  trusses  are 
erected. 

Some  of  the  pieces  to  be  handled  weigh  more  than  20  tons  each,  so 
the  derricks  and  rigging  of  the  false-work  and  travelers  must  be  pro- 
portionately strong.  Two  falls,  of  16-inch  triple-blocks,  and  1^-inch 
rope,  are  used  in  raising  the  very  heavy  pieces.  Some  of  the  engines 
have  six  spools,  and  handle  independently  that  number  of  lines. 

The  hydraiTlic  riveter  is  carried  on  a  small  traveler,  so  spanning  the 
two  middle  tracks  as  not  to  interfere  with  the  transportation  of  materials 
on  them.  It  consists  of  a  boiler,  engine  and  pump,  by  which  power  is 
supplied  to  the  accumulator  in  the  form  of  water  suiJj^orting  a  heavy 
weight.  The  jaws  are  hung  with  differential  pulleys  from  a  worm  gear 
set  upon  projecting  timbers  of  the  deck,  which  revolves  like  a  turn-table. 
By  this  means  the  jaws  are  readily  adjusted  to  any  rivet  iu  the  bottom 
chord. 

The  towers  at  the  ends  of  the  span  are  first  erected.  Next,  com- 
mencing at  the  fixed  end,  the  bottom  chord  is  laid  along  in  place  on 
camber  blocks.  The  traveler  then  erects  the  span,  commencing  at  the 
middle,  and  finishing  each  half  successively. 

From  the  shore  arms  and  connecting  spans  160-foot  cantilevers  are 
erected  by  means  of  projecting  travelers,  almost  identical  with  those 
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used  for  erecting  the  cantilever  bridge  across  tlie  Niagara  Biver.  They 
are  composed  of  two  trusses,  118  feet  long,  of  which  the  chords  and  ver- 
tical posts  are  of  wood,  and  the  ties  and  splice-plates  of  iron.  These 
are  supported  on  a  very  heavy  floor,  extending  from  the  rear  end  to 
within  50  feet  of  the  other  end,  and  are  carried  on  twelve  wheels,  ar- 
ranged in  groups  of  one,  two  and  three,  respectively.  Jack-screws, 
bearing  on  the  front  floor  beam,  relieve  the  wheels  during  the  erection 
of  a  jDanel,  and  heavy  hooks,  under  strong  tension,  clamp  each  end  to 
the  floor  beams. 

The  212-foot  spans  suspended  from  the  ends  of  the  cantilever  arms 
are  designed  to  be  erected  from  the  ends  of  the  latter,  and  connected 
when  they  meet  at  the  center.  Stiff  bottom  chord,  except  in  the  middle 
three  panels,  enables  each  i^anel,  when  finished,  to  support  the  traveler 
during  the  erection  of  the  next  beyond.  When  the  travelers  meet,  the 
remaining  three  panels  are  completed.  In  connecting  the  center  jjanel, 
the  top  opening  should  be  a  little  long  in  order  to  let  the  chord  section 
into  place,  and  the  bottom  one  a  little  short,  that  the  pins  may  drive 
easily  into  the  eye-bars.  This  is  insured  by  adjustment  struts  between 
the  arms  and  suspended  sjDan,  which  are  shortened  in  the  top  chords, 
and  lengthened  in  the  bottom  by  rollers  separated  with  wedges.  They 
are  so  arranged,  that  by  drawing  them  the  ends  of  the  top  chord  ap- 
proach each  other,  and  those  of  the  bottom  chord  recede.  After  the 
span  is  connected,  the  wedges  and  rollers  are  removed,  and  the  trusses 
hang  suspended. 
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accompanying  this  paper  are  as  follows: 

Photograph  of  the  Finished  Structure. 

The  Cantilever  Span  in  Progress  of  Erection. 

Comparative  Views  of  the  Forth,  the  Brooklyn, 
the  St.  Louis  and  the  Poughkeepsie  Bridges. 

Cement  Testing  Machine. 

Photograph  of  Crib. 

Photograi^h  of  the  Structure  in  Progress. 

Crib,  Grillage,  Kiver  Pier  and  Floating  Cais- 
son. 

Concreting  Crib  3. 

Pier  2. 

Shore  Arm  Falsework. 

Main  Falsework  with 
Finished  Structure. 
Piles. 

Traveller  for  Erection  of  Truss  Spans. 

Traveller  for  Erection  of  Cantilever  Arms. 

Twenty-Ton  Derrick. 

Cross  Section  of  Viaduct. 

General  Plan  of  Floor  System. 

Triangulation  and  Topography. 

Anchors.      Method   of    Launching  Anchors, 
Crib  Anchored  in  Position. 

Method  of  Anchoring  Cribs. 

General  Profile  of  Bridge. 


Traveller.    Section  of 
Method  of  Splicing 
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EJ^GLISH  RAILROAD   TRACK 


By  E.  E.   EussELL  Tkatman,  Jun.  Am.  Soc.  C.  E. 
Eead    at    the    Annual    Convention,  June    28th,    1888. 


American  engineers,  as  a  whole,  are,  I  think,  little  conversant  with 
the  details  of  English  railroad  practice,  and  some  few  years  ago  I  con- 
templated the  preparation  of  an  extended  paper,  or  series  of  papers,  on 
this  subject,  thinking  that  in  this  country,  where  railroads  have  reached 
a  greater  extent  than  in  any  other  part  of  the  world,  such  a  paper  would 
be  of  interest  to  the  profession.     The  first  part  of  this  paper,  on  "  Eail- 
road  Legislation  in  England,"  was  published  in  Engineering  News,  Au- 
gust 1st,  1885;  but  in  proceeding  with  the  succeeding  part  I  found'  like 
many  another  man  who  has  started  out  to  accomplish  something  on  a 
large  scale,  that  I  had  undertaken  too  much,  and  had  neither  the  time 
nor  the  material  necessary  for  the  work;  and  soon   realized  that  the 
paper  could  not  be  prepared  on  the  intended  scale  without  considerable 
time  being  spent  in  personal  investigation.     This  being  impracticable,  I 
abandoned  so  comprehensive  a  project  and  devoted  my  attention  to  the 
details  of  track  matters;  and  while  the  English  system  does  not  commend 
Itself,  as  a  type,  to  many  engineers  outside  of  England,  yet  there  are 
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some  points  which  may  be  learned  from  it,  and  some  details  which  might 
well  be  adopted  as  improvements  on  the  average  American  practice. 
The  details  given  are  mostly  obtained  from  official  sources,  and  I  wish 
to  express  my  obligations  to  the  engineers  of  a  number  of  railroads  in 
the  United  Kingdom,  for  courtesies  received  in  the  way  of  drawings, 
specifications  and  general  information. 

The  standard  type  of  English  track  consists  of  heavy  rails  carried  in 
cast-iron  chairs,  which  are  attached  to  timber  cross-ties.  The  rails  are  of 
two  sections,  viz.:  "  Double-headed  "  and  "bull-headed;"  the  former 
section  has  two  heads  of  similar  form,  connected  by  a  web,  and  is  in- 
tended to  be  reversible,  although  in  practice  this  reversing  is  very 
rarely  carried  out ;  the  latter  section  is  simjily  a  non-reversible  double- 
headed  rail,  the  disadvantages  of  reversing  being  recognized,  and  the 
lower  head  made  only  large  enough  to  give  a  hold  to  the  wooden  key,  or 
wedge,  which  is  driven  between  the  jaw  of  the  chair  and  the  web  of  the  rail. 
These  chairs,  which  weigh  from  25  to  56  pounds  each,  give  a  wide  bearing 
on  the  ties,  to  which  they  are  attached  by  trenails,  spikes  or  bolts.  The 
ballast  is  generally  broken  stone,  frequently  with  gravel  boxing;  broken 
slag  from  the  iron  furnaces  is  sometimes  used,  also  burnt  clay  occasionally. 
Split  SAvitehes  are  invariably  used,  the  stub  switch  being  unknown  (ex- 
cept, perhaps,  for  contractors'  tracks).  Complete  systems  of  semaphore 
signals,  on  the  latest  and  most  approved  plans,  are  in  general  use,  to- 
gether with  interlocking  systems  to  a  great  extent ;  the  block  system  of 
operation  is  generally  adopted.  Three  features  of  railroad  practice  are: 
1st.  Heavy  and  careful  construction;  2d.  Complete  equipment  for  safe 
operation;  3d.  Care  in  operation  and  maintenance.  Of  course,  acci- 
dents do  happen,  and  would  happen  Avhatever  care  and  precaution 
might  be  exercised,  but  they  are  far  more  rare  than  in  this  country 
(taking  into  account  the  dift'erenee  of  mileage).  In  fact,  as  far  as  safety 
of  oi^eration  is  concerned,  I  think  the  English  railroads  rank  the 
highest  in  the  world.  This,  of  course,  is  without  regard  to  the  (lucstion 
of  economy  of  construction,  which  is  too  little  considered  in  England. 
The  track  is  substantial  and  safe,  but  requires  a  large  amount  of  unnec- 
essary metal,  and  is  unreasoaably  and  unnecessarily  expensive,  a  fact 
which  renders  it  es])0:'ially  undesirable  for  introduction  into  the  colonies 
and  other  new  countries.  The  standard  gauge  is  4  feet  8 J  inches, 
but  the  main  line  of  the  Great  Western  Railway  is  still  7-foot  gauge, 
with  a  third  rail  for  standard  gauge  rolling  stock.     Narrow  gauges  are 
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very  rare.  A  space  of  six  feet  is  left  between  the  lines  of  double  track 
roads. 

The  heads  of  English  rails  are  very  different  from  those  of  American 
rails.  The  majority  of  the  older  rails  had  rounded  heads,  formed  by  a 
succession  of  curves  from  the  web  to  the  top.  The  82-pound  double- 
headed  rail  of  the  North  Eastern  Railway  is  an  example;  also  the  76- 
pound  double-headed  steel  rail  designed  for  the  New  South  Wales  Gov- 
ernment Railways ;  the  dimensions  of  the  latter  were  as  follows:  height, 
5|r  inches;  width  of  heads,  2^  inches;  thickness  of  web,  |-inch;  begin- 
ning at  the  middle  of  the  rail  the  web  was  ^-inch  thick  for  0.92-inch, 
then  it  widened  out  by  a  curve  of  0.55-inch  radius,  followed  by  a  short 
tangent  at  an  angle  of  about  30  degrees  for  nearly  half  an  inch,  then  a 
curve  of  0.59-inch,  forming  the  side  of  the  head  and  running  into  the 
curve  of  5 J  inches  radius  which  formed  the  toj)  table.  Other  sections,  such 
as  the  Great  Northern  Railway,  82  pounds,  and  the  Great  Western  Rail- 
way, 86  pounds,  have  the  sides  of  the  head  curved  to  a  radius  of  about  the 
width  of  the  head,  with  top  corners  of  large  radius,  about  J-inch.  A  sec- 
tion much  in  favor  now  has  vertical  sides,  with  sharp  top  curves;  the  85- 
pound  rail  of  the  Midland  Railway  is  a  good  sample  of  this  section;  it 
is  2  j  inches  wide,  radius  of  top  table  5f  inches,  radius  of  top  corners, 
f-inch,  vertical  part  of  side,  t-inch  deep.  The  heads  of  the  79-pound 
flange  rail  and  75-pound  bull-headed  rail  of  the  Great  Northern  Rail- 
way (Ireland)  are  2J  inches  wide,  radius  of  top  table,  10  inches;  radius 
of  top  corners,  i-inch;  vertical  portion,  -jViJich  deep;  radius  of  bottom 
corner,  y-inch.  I  think  it  would  be  interesting  to  know  how  the  wear 
of  English  rails  and  wheels  compares  with  the  wear  of  American  rails 
and  wheels.  For  comparative  sections  and  dimensions  of  rails  of  dif- 
ferent countries  I  would  refer  to  an  article  of  mine  on  "  Rail  Sections," 
published  in  the  National  Car  Builder,  New  York,  August,  1885. 

Flange  rails  (or  Vignoles  rails,  as  they  are  universally  termed  in 
Europe),  are  not  favorably  considered  for  English  railroads,  although 
they  have  been  tried  on  all  classes  of  roads.  Lines  which  were  formerly 
laid  with  these  rails  have  been  relaid  with  the  bull-headed  rail,  which  is 
now  the  standard  English  rail  section.  It  is  a  little  difficult  to  under- 
stand this,  when  it  is  considered  that  the  flange  rail  has  been  adopted 
as  the  standard  section  in  all  other  parts  of  the  world.  The  English 
system  of  double-headed  rails  in  heavy  chairs  will  undoubtedly  make  a 
very  solid  and  durable  track;  but  it  is,  in  my  opinion,  too  solid,  contain- 


220  TRATMAN    ON    ENGLISH    RAILROAD   TRACK. 

ing  much  unnecessary  metal  and  conseriuently  entailing  unnecesary  ex- 
pense. If  this  section  is  adopted,  the  rails  must  be  supported  in  chairs, 
and,  of  course,  these  chairs  do  some  good  in  distributing  the  weight  over 
a  large  area  of  the  tie,  but  this  does  not  warrant  the  placing  of  25  to  56 
pounds  of  cast-iron  at  each  end  of  every  tie.  To  strike  at  the  root  of 
the  matter,  however,  I  believe  the  double-headed  rail  (and  in  referring 
to  this  section  I  also  inchide  the  bull-headed  section)  to  be,  in  the  light 
of  modern  experience,  unscientific  and  unnecessary.  The  original  idea 
was  brilliant — to  make  one  rail  do  the  work  and  last  the  life  of  two; 
this  was  i^lausible,  but  in  practice  it  was  not  successful,  for  the  weight 
of  the  traffic  caused  the  lower  head  to  be  indented  at  its  seat  in  the  chair, 
so  that  riding  was  very  rough  when  this  head  was  jDut  into  service. 
Diflferent  methods  of  obviating  this  defect  were  tried;  in  some  cases, 
as  on  the  North  Eastern  Eailway  (Plate  LX),  wooden  cushions  were 
placed  between  the  rail  and  the  chair;  in  other  cases  the  rail  was  sus- 
pended in  the  chair,  being  supported  by  the  under  side  of  the  rail- 
head resting  on  the  jaw  of  the  chair.  This  latter  method  was  adopted 
originally  on  the  London  and  North  Western  Eailway,  and  is  still  in 
use  to  some  extent  in  India,  and  a  somewhat  similar  plan  was  sug- 
gested by  Mr.  "W.  Bridges  Adams,  the  inventor  of  the  fish-plate.  The 
result  of  these  endeavors,  however,  may  be  guessed  from  the  general 
adoption  of  the  bull-headed,  non-reversible  rail. 

Even  if  it  is  conceded  that  the  English  type  of  track,  as  now  in 
use,  is  safe  and  substantial,  and  adapted  to  the  requirements  of  traffic 
on  English  roads,  it  was  surely  a  most  ill-advised  proceeding  to  in- 
troduce it  in  the  colonies.  Yet,  in  India,  it  was  extensively  introduced, 
and  in  1876  a  track  was  designed  by  Mr.  John  Fowler,  M.  Inst.  C.  E.,  for 
the  New  South  Wales  Government  Railways,  which  consisted  of  76-pound 
double-headed  steel  rails  in  26-pound  chairs.  In  this  way  the  colonies 
were  likely  to  be  overwhelmed  with  capital  expenditure,  and  it  is  easy 
to  see  what  a  much  greater  extent  of  country  might  have  been  developed 
and  made  productive  by  the  use  of  a  ti*ack  lighter  and  less  costly,  but 
equally  efficient  for  traffic  requirements.  With  a  flange  rail  there  would 
be  52  pounds  of  cast-iron  (chairs)  per  yard  saved,  or  91  520  pounds  per 
mile,  while  a  65  or  70-pound  rail  would  liave  been  amply  heavy  enough, 
especially  with  the  English  system  of  fastenings;  in  fact,  a  71i-pound 
flange  rail  was  designed  for  this  same  system.  The  flange  rail,  how- 
ever, is  now  extensively  used  in  all   the   colonies,  and  will   probably 
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supersede  the  double-headed  rail  entirely;  this  latter  form  of  rail  is  still 
in  use  in  India,  and  has  even  been  introduced  into  South  America  by 
English  engineers,  generally  in  conjunction  with  cast-iron  "pot" 
sleepers.  The  following  are  the  weights  of  some  English  rails  for  the 
colonies,  etc. :  Queensland,  41 J  pounds  per  yard  flange  rails  for  a  gauge 
of  3  feet  6  inches;  South  Australia,  50  and  61  pounds  per  yard  flange 
rails  for  gauges  of  3  feet  6  inches  and  5  feet  3  inches  respectively;  India, 
from  41i  pounds  per  yard  flange  rails  for  3  feet  3|  inches  gaiTge,  to  75 
l^ounds  for  5  feet  6  inches  gauge,  also  double-headed  rails  of  about  70 
and  75  pounds  per  yard  for  5  feet  6  inches  gauge  ;  South  America,  58, 
67  and  70  pounds  per  yard  flange  rails,  and  50  pounds  per  yard  bull- 
headed  rails  (resting  on  wooden  cushions  in  cast-iron  chairs)  for  a  gauge 
of  5  feet  6  inches.  Had  the  "rail  and  chair  "  type  of  track  been  generally 
adopted,  the  colonies  would  have  built  the  railroads  for  posterity,  reaping 
little  practical  benefit  during  the  youth  of  the  country.  Had  the  jn-o- 
moters  of  an  Amei'icau  transcontinental  line  waited  until  they  could 
build  a  road  of  the  standard  of  the  Pennsylvania  or  the  New  York 
Central,  I  fear  the  Panama  Kailroad  would  be  in  a  condition  to  put 
down  a  double  track  of  100-i5ound  rails  with  cast-iron  chairs,  and  per- 
haps there  might  be  some  American  enterprise  in  the  canal  scheme. 
In  this  country  the  tracks  are  adapted  to  the  requirements  of  the 
roads,  and  although  there  are  many  lines  with  too  light  a  track,  yet 
there  are  many  excellent  tracks  on  the  busy  Eastern  roads,  and  the 
improvement  of  the  tracks  is  following  the  increase  in  traffic,  which 
is  true  economy.  I  would  like  to  note  the  fact  that  weight  is  not  the 
only  essential  for  rails  of  busy  roads ;  good  design  and  good  manufacture 
are  equally  necessary,  and  as  an  instance  of  the  necessity  of  good  de- 
sign, I  may  say  that  the  Panama  Railroad  was  originally  laid  with 
56-i5ound  rails  (four  inches  high) ;  a  heavier  rail  was  considered  neces- 
sary a  few  years  ago,  and  the  weight  was  increased  to  70  pounds,  but 
the  extra  metal  was  principally  used  in  thickening  the  web,  giving  but 
a  slight  increase  in  stiflhess. 

In  Ireland  the  flange  rail  is  very  generally  used,  and  is  very  favorably 
spoken  of  by  the  engineers  of  some  of  the  principal  lines,  although  the 
bull-headed  rail  is  stated  to  he  advantageous  on  curves,  as  giving  better 
results  in  maintenance  and  efficiency.  Some  rail  sections  and  details  of 
the  track  of  Irish  railroads  will  be  found  on  the  accompanying  plates  ; 
and  I  desire   especially  to  call   attention  to  the  fastenings,  which  are 
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decided  improvements  upon  the  universal  but  inefficient  spike  fastening 
of  American  practice. 

In  my  correspondence  with  the  engineers  of  English  lines  I  have 
been  particular  to  ask  for  their  views  on  the  respective  merits  of 
double-headed  and  flange  rails,  and  the  replies  have  been  very  un- 
favorable to  the  latter,  the  points  made  being  that  they  will  not  stand 
under  heavy  traffic  and  high  speed. 

Mr.  Forrest,  Secretary  of  the  Institution  of  Civil  Engineers,  says: 
"TheVignoles  pattern  rail  was  used  a  good  deal  by  contractors  who 
made  cheap  railways,  but  it  has  been  universally  condemned  and  taken 
up,  as  the  fastenings  soon  worked  loose,  and  the  rails  would  not  keep  to 
gauge.  It  has  the  further  disadvantage  that  a  bad  rail  is  not  so  easily 
changed  as  one  fixed  in  chairs.  The  Vignoles  rail,  as  used  in  this 
country  (England),  weighed  from  60  to  75  pounds  per  linear  yard; 
the  Metropolitan,  of  course,  more.*  It  -was  from  4i  to  5  inches  high, 
and  from  4  to  5  inches  broad  in  the  bottom  flange,  according  to  the 
fancies  of  the  constructing  engineers.  This  form  of  rail  is  used  gener- 
ally on  the  Continent,  but  most  continental  engineers  are  believed  to 
IJrefer  the  double-headed  rail  with  chairs,  and  are  only  prevented  from 
using  it  by  reason  of  the  extra  expense.!  The  railways  on  the  Continent 
have  the  advantage  of  hard-wood  sleepers,  which  hold  the  rail  fastenings 
better  than  the  pine  sleepers  universally  used  in  England." 

Mr.  Conner,  formerly  engineer  of  the  Isle  of  Wight  Railway,  a  line 
on  which  70-pound  flange  rails,  4i  inches  high,  with  5i-incli  base, 
have  been  replaced  by  78-pound  double-headed  rails,  writes  as  follows: 
"The  rails  are  reversible,  but  are  not  turned  over,  experience  showing 
they  are  then  rough  to  travel  over  and  more  liable  to  break.  I  strongly 
recommend  bull-headed  rails,  and  for  heavy  traffic  know  of  none  better 
than  those  of  the  London  and  North  Western  Railway,  which  are  90 
pounds  per  yard.     *     *     *     Spikes  are  not  reliable  for  flange  rails." 

Mr.  Owen,  engineer  of  the  Great  Western  Railway,  writes  as  follows: 


*  The  flange  rail  used  on  the  Metropolitan  Railway,  London,  was  4.2  inches  high,  with  a 
base  6|  inches  wide;  it  has,  however,  been  replaced  with  a  bull-headed  section. 

1 1  cannot  think  that  Mr.  Forrest  is  correct  in  this  remark,  as  the  flange  rail  is  almost 
universally  adopted  on  the  Continent,  even  on  State  railway  systems,  where  a  little  extra 
cost  would  not  prevent  the  adoption  of  a  specially  good  form  of  rail.  Many  of  the  double- 
headed  sections  used  on  the  Continent  have  been  of  bad  and  clumsy  design,  resembling  an 
hour-glass  in  section.  Heavy  flange  rails  are  the  most  modern  tyiia  adopted  and  approved, 
which  is  a  step  iu  the  right  direction. 
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"Flange  rails  are  very  seldom  used,  only  on  country  lines  with  four  or 
five  trains  a  day;  they  cut  into  pine  sleepers  and  are  very  troublesome 
to  maintain.  The  Hammersmith  and  City  line  *  has  been  relaid  with 
chairs  and  rails.  The  double-head  is  not  now  laid,  all  relaying  is  bull- 
head." 

Mr.  Bayley,  Engineer-in-Chief  of  the  Great  Southern  and  Western 
Eailway  (Ireland),  on  which  74-pound  flange  rails  are  used,  writes: 
"  Consider  bull-head  best  where  traffic  is  heavy." 

Mr.  Keeling,  engineer  of  the  Severn  and  Wye  and  Severn  Bridge 
Railway,  a  road  which  has  several  grades  of  1  in  40,  and  one  of  1  in  30 
followed  by  1  in  31,  the  two  aggregating  about  2i  miles  in  length,  with 
some  sharj:)  curves,  writes  as  follows:  "We  found  that  the  flange  or 
Vignoles  rail  was  troublesome  and  expensive  to  maintain  and  keep  in 
order  on  a  line  where  the  gradients  are  steep,  curves  sharp,  and  on 
which  tank  engines  weighing  (loaded)  nearly  50  tons,  are  employed. 
We  have  therefore  relaid  the  greatest  portion  of  our  line  with  the 
double-headed  steel  rail.  I  scarcely  know  any  line  of  importance  in 
England  that  continues  to  use  the  Vignoles  rail  on  the  main  line." 

Mr.  Price,  for  fifteen  years  Chief  Engineer  of  the  Midland  Great 
Western  Railway  (Ireland),  writes  as  follows:  "I  believe  as  safe  a  road 
can  be  made  of  this  (flange)  rail  as  it  is  possible  to  make."  He  uses  very 
efficient  fastenings,  as  will  be  seen  further  on,  and  says:  "This  system 
is  cheaper  and  safer  than  a  double-headed  rail  or  a  bull-headed,  but 
these  latter  are  a  little  steadier  and  more  silent.  I  do  not  believe  in 
turning  rails,  so  prefer  a  bull-headed  to  a  double-headed  rail."  In  an- 
other letter  he  says:  "  The  general  opinion  is  strongly  in  favor  of  flange 
rails,  as  being  cheaper  and  nearly  as  steady  as  the  double-head  or  bull- 
head." 

Mr.  Mills,  Engiueer-in-Chief  of  the  Great  Northern  Railway 
(Ireland),  writes  as  follows:  "We  use  the  bull-headed  section  on  those 
parts  of  the  line  on  which  heavy  curves  and  inclines  exist,  because  this 
section  of  rail  is  more  easily  bent,  and  retains  the  curve  better  than  the 
flange,  and  when  laid  in  the  cast-iron  chairs  and  secured  with  the  heavy 
fastenings,  it  forms  a  stronger  road  than  the  flange  rail.  The  compara- 
tive cost  is  as  3  to  4,  the  chair  road  being  the  more  costly."     This  road 


*  The  Hammersmith  and  City  line,  which  is  a  London  suburban  branch,  was  formerly- 
laid  with  flange  rails  weighing  69  pounds  per  yard,  having  a  base  of  5i  inches,  a  height  of  i^ 
inches,  and  a  head  2i  inches  wide. 
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has  139i  miles  of  double  track,  and  382i  miles  of  single  track;  total, 
661  i  miles,  of  which  106  miles  are  laid  with  the  steel  bull-headed  rail. 

Mr.  Langley,  Engineer- in-Ghief  of  the  Midland  Kailway,  wrote  as 
follows:  "You  have,  I  think,  a  great  quantity  of  this  (flange)  section  of 
rail  in  your  country;  doubtless,  it  was  suitable  for  the  light  traffic,  but 
as  the  loads  have  increased,  I  understand  that  you  have  suffered  very 
much  from  broken  rails.  These  breakages  have,  I  think,  been  wrongly 
attributed  to  defective  material,  but  are  really  the  result  of  a  defective 
design."  In  a  later  letter,  rei^lying  to  one  in  which  I  referred  to  the 
heavy  and  rapid  traffic  carried  safely  over  the  fine  tracks  of  Eastern 
trunk  lines,  he  wrote  as  follows:  "  Under  the  great  velocities  and  heavy 
weights  on  the  driving  wheels  of  our  engines,  I  think  the  road  would  be 
broken  up  in  a  few  hours;  in  fact,  in  some  cases  it  would  not  stand  the 
passage  of  a  single  train." 

This,  of  course,  is  largely  a  matter  of  prejudice,  as  the  flange  rail  is 
used  successfully  for  very  heavy  traffic,  and  in  fact,  this  section,  as  a  type, 
is  now  the  standard  section  of  the  world,  being  a  case  of  the  survival  of 
the  fittest,  improved  upon  by  successive  generations.  On  the  other 
hand,  it  is  pleasant  to  hear  the  general  approval  from  Ireland,  especially 
from  Mr.  James  Price,  the  veteran  railroad  engineer,  though  even  he 
says  that  flange  rail  track  is  "nearly"  as  steady  as  the  double-head  or 
bull-head;  and  even  Mr.  Sandberg,  a  strong  advocate  of  the  flange  rail, 
says  that  speed  has  something  to  do  with  its  non-adoption  in  England. 
So  much  testimony,  from  so  many  sources,  must  needs  have  some  truth, 
and  I  think  the  ex2)lanation  may  be  looked  for  in  the  locomotives  and 
rolling  stock.  Although  there  are  a  large  number  of  engines  on  the 
American  plan,  with  a  leading  truck,  and  many  cars  on  four  and  six- 
wheeled  trucks,  yet  the  majority  of  the  equipment  consists  of  passenger 
engines  with  a  single  pair  of  small  leading  wheels,  with  rigid  axle  (the 
total  wheel-base  being  rigid);  freight  engines  with  six  wheels,  all 
coupled,  and  cars  with  two  or  three  rigid  axles.  Such  an  equipment 
must  undoubtedly  be  harder  on  the  track  than  the  "adjustable" 
American  type  of  engines  and  cars. 

The  Pennsylvania  Railroad  has  four  sections  of  the  London  and 
North  Western  Railway  standard  track  laid  for  experimental  purposes. 
The  rails  weigh  90  ijounds  jjor  yard,  and  two  of  the  sections  are  laid  with 
the  steel  cross-ties  and  chaii'S,  while  the  other  two  are  laid  with  wooden 
ties  and  cast-iron  chairs.  Some  years  ago,  about  ten  miles  of  track  on  the 
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Boston  and  Worcester  Railroad  (now  a  part  of  tlie  Boston  and  Albany 
system)  were  laid  with  80-pound  double-headed  iron  rails,  carried  in 
chairs  weighing  28  pounds  each.  The  rails  were  rolled  at  Worcester, 
Mass.  The  ties  were  spaced  about  3  feet  center  to  center.  The  joints 
were  even  and  susj^ended;  they  were  spliced  with  fish-plates  and  com- 
mon bolts  and  nuts.  The  rails  were  secured  by  wooden  keys,  driven  in 
solid  and  secured  with  a  nail  to  each  key.  One  defect  of  the  track  was 
the  frequent  breaking  of  the  chairs.  After  ten  years'  service  the  track 
was  relaid  with  flange  rails. 

An  objection  to  the  flange  rail,  and  one  which  is  strongly  urged  by 
its  opponents,  is  that  it  cuts  into  the  ties;  this,  however,  can  be  easily 
prevented  by  the  use  of  sole-plates,  which  are  certainly  cheaper  than 
chairs.  Mr.  J,  W.  Post,  of  the  Netherlands  State  Railroad  Comiiany,  has 
had  satisfactory  results  from  the  use  of  sole-plates  with  shar^)  teeth  on 
the  underside,  which  bite  into  the  wood  and  prevent  slipping;  these 
jilates  are  fastened  by  square-headed  screws,  which  grip  the  flange  of 
the  rails. 

The  track  accidents  in  this  coiintry  may  generally  be  attributed  to 
bad  condition  of  the  road-bed,  bad  rails,  inefiicient  fastenings  and 
especially  to  the  use  of  too  light  a  rail.  Mr.  C,  P.  Sandberg,  the  de- 
signer of  the  110-pound  "Goliath  "  rail,  shows  in  his  paper  on  "Rail- 
Joints  and  Steel  Rails  "  (Proceedings  of  the  Institution  of  Civil  Engi- 
neers, Vol.  LXXXIV,  1886),  that  traffic  which  requires  an  80  or  90-pound 
bull-headed  rail  in  40-pound  chairs,  would  require  a  100  or  110-pound 
flange  rail.  The  110-j)ound  flange  rail  has  already  been  adopted  by 
some  roads  on  the  European  continent,  and  large  contracts  for  further 
supplies  have  recently  been  given  out.  The  need  of  heavier  rails  is 
being  recognized  in  this  country,  and  in  fact  the  more  imiDortant  lines 
are  gradually  introducing  them. 

If  the  English  railroad  companies  or  engineers  would  adopt  a  well- 
designed,  heavy  flange  rail,  and  give  it  good  joints  and  good  fastenings, 
I  think  there  can  be  little  doubt  that  they  would  have  a  track  fully  as 
safe  and  efiicient  as  with  the  present  system,  and  costing  no  more  for 
maintenance,  but  eifecting  a  considerable  saving  in  first  cost,  and  built 
on  more  scientific  principles.  Mr.  Sandberg,  in  a  letter,  states  that 
speed  has  something  to  do  with  the  rejection  of  the  flange  rail,  but  that 
if  these  rails  are  given  the  same  chances  as  the  others  in  weight,  better 
results  will  be  obtained  for  less  money.     As  to  the  matter  of  speed, 
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however,  there  is  traffic  fast  and  heavy  enough  in  this  country,  especially 
on  the  principal  lines  of  the  Eastern  States,  to  prove  the  capabilities  of 
the  flange  rail.  The  track  should  be  designed  for  the  traffic.  Sole- 
plates  might  be  used  to  prevent  the  rail  from  cutting  into  the  ties,  and 
if  there  is  fear  of  the  track  spreading,  tie-rods  might  be  put  in  to  hold 
the  rails  together  on  curves  or  at  other  points. 

Ratl  Tests. 

The  following  are  the  tests  given  in  the  specifications  of  the  railroads 
mentioned,  and  full-sized  sections  of  the  rails  are  shown  on  the  accom- 
panying sheet  of  rail  sections.     (Plate  LXIII.) 

Great  Northern  Railway. — (Steel  rail,  bull-headed  section,  82  jiounds 
-pev  yard.)  "A  piece  of  rail  5  feet  long  shall  be  cut  off  and  placed  di- 
rectly on  solid  iron  bearings  3  feet  6  inches  apart  in  the  clear,  fixed  on  a 
solid  cast-iron  block  well  bedded,  and  shall  then  receive  successive  blows 
from  a  weight  of  1  120  pounds,  falling  from  a  height  of  10  feet.  Should 
the  rail  Ijreak  before  or  under  the  third  blow,  or  should  it  take  a  per- 
manent set  after  the  first  blow,  exceeding  1|-  inches,  the  whole  of  the 
parcel  from  which  it  has  been  selected  will  be  rejected." 

MicUand  Great  Western  Ralhvay  [Ireland). — (Steel  rail,  flange  section, 
79  pounds  per  yard.)  "Each  selected  rail  will  be  placed  in  the  usual 
position,  on  bearings  3  feet  6  inches  a^^art,  and  a  Aveight  of  18  tons  will 
be  applied  on  each  rail  at  the  center,  between  the  bearings,  and  the  de- 
flection must  not  exceed  f  of  an  inch  after  the  weight  has  been  api^lied 
for  half  an  hour,  and  after  the  weight  has  been  removed  the  permanent 
set  must  n.  i  exceed  ^  of  an  inch.  The  next  test  each  rail  will  be  sub- 
jected to  is  as  follows :  Placed  in  the  usual  position,  on  bearings  3  feet 
6  inches  apart,  a  ball  weighing  18  hundred-weight  (2  016  pounds)  will 
be  dropped  upon  each  from  a  height  of  8  feet,  and  each  rail  must  bear 
two  such  blows  without  breaking  and  without  deflecting  more  than  1 
inch.  The  bearings  on  which  the  rails  are  to  be  tested  to  be  of  timber 
12  inches  square,  6  feet  long  and  laid  on  solid  hard  ground.  The  rails 
to  be  held  down  to  timbers  by  dog-spikes." 

Soutlt.  AuslraUan  Government  Railways.  —  (Steel  rails,  flange  section, 
English  maniifacture). — The  rails  are  to  be  placed  upon  supports  3  feet 
apart,  must  stand  four  blows  of  the  drop  test  without  breaking,  and  the 
dead-weight  test  must  continue  for  ten  minutes  without  causing  per- 
manent deflection.  The  bearings  upon  which  the  rails  are  to  be 
tested  must  be  formed  with  a  radius  of  12  inches,  and  form  part  of  a 
block  of  cast-iron  weighing  not  less  than  2  tons.  The  block  must  be 
securely  and  properly  bedded  upon  a  solid  foundation  of  concrete;  the 
bottom  of  the  "tupp,"  or  falling  Aveight,  must  be  of  the  same  form  as 
the  bearings  of  the  block.     The  tests  are  as  follows: 
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Eails. 

Weight. 

Fall. 

41-pound. 

50-      " 
()1-      " 

784  pounds. 
1  120 
1  120 

10  to  16  feet. 

8  to  12     " 
10  to  16     '' 

Dead-weight  Test. 

Eails. 

Weight. 

Time. 

41-pound. 
50-      " 
61-      " 

10  tons. 
12      " 
15      " 

10  minutes. 

10 

10 

Should  tlie  inspecting  engineer  consider  it  desirable  to  liave  any 
clieck  tests  made  in  London  at  the  public  testing  machine,  the  contractor 
must  pay  the  cost  of  such  test. 

Specifications  fok  Rails. 

The  contractor  is  usually  required  to  furnish  rails  which  Avill  stand 
certain  tests,  but  is  not  bound  to  any  special  chemical  properties  of  the 
material.  The  following  are  extracts  from  specifications  in  the  writer's 
possession,  and  attention  is  called  to  the  guarantee  clauses. 

Great  Northern  Railway. — The  rails  are  to  be  of  the  bull-headed  sec- 
tion, and  an  exact  template  will  be  furnished  to  the  contractor.  The 
rails  must  be  made  wholly  of  steel  of  the  very  best  quality  manufactured 
for  rails  by  the  Bessemer  process.  They  are  to  be  made  of  Nos.  2  and 
3  hematite  i^ig  in  equal  quantities,  to  be  remelted  in  cupolas,  it  being 
distinctly  understood  that  neither  Northamptonshire,  Lincolnshire  nor 
Cleveland  i^ig  will  be  allowed.  The  rails  are  to  be  made  and  rolled  in 
England.  Each  rail  shall  be  made  from  a  single  ingot,  which  shall  be 
perfectly  solid  and  regular  in  quality,  and  free  from  defects  of  every 
kind.  The  ingots  to  be  subsequently  thoroughly  heated  and  reduced 
l)y  being  hammered  to  such  an  extent  as  may  be  deemed  necessary  by 
the  company's  engineer,  before  being  rolled  to  the  correct  form. 
The  rails  must  be  sawn  oflf  perfectly  square  to  the  requisite  length,  and 
the  ingots  in  all  cases  must  be  of  ample  length  to  insure  a  long  crop 
being  cut  off,  clear  of  the  least  appearance  of  scallops,  at  both  ends  of 
the  rails;  and  should  any  imperfection  in  the  quality,  or  unsoundness 
arising  from  gas  cells,  cold  shuts,  or  otherwise,  be  apparent,  either  in  the 


228  TRAT.MAN   ON    ENGLISH    RAILROAD   TRACK. 

ingots  or  during  their  subsequent  treatment,  such  ingots  or  rails  will  be 
rejected  and  set  aside  as  not  being  admissible  under  the  contract. 
The  rails  when  finished  are  to  be  in  every  respect  perfectly  sound  and 
homogeneous,  free  from  flaws,  blisters  and  other  defects,  and  perfectly 
straight.  The  rails  are  to  weigh  82  pounds  jser  yard,  and  none  which 
either  exceed  or  fall  short  of  that  weight  by  more  than  1  jjound  will  be 
accepted.  The  rails  are  to  be  cut  to  the  exact  length  of  30  feet;  the  en- 
gineer, however,  will  receive  for  the  contractor's  convenience,  a  few 
lengths  in  even  feet  from  12  feet  upwards,  but  together  not  exceeding  5 
per  cent,  of  the  whole  quantity.  Each  rail  is  to  have  at  each  end  of  it 
two  holes,  li^inch  by  1-inch,  drilled  truly  to  a  template  and  gauge;  no 
punching  will  be  allowed.  Each  rail  is  to  be  marked  G.  N.  K. ,  with 
the  initials  of  the  makers,  name  of  the  works  where  they  are  manufact- 
ured, and  the  month  and  year  when  supiDlied.  The  contractor  must 
Ijrovide  the  apparatus  required  for  applying  the  specified  test.  The  con- 
tractor is  to  deliver  as  directed  by  the  engineer,  in  exchange,  without 
charge  to  the  comj^any,  a  new  rail  of  as  good  quality  and  make  as  those 
he  delivers  in  the  first  instance,  for  every  rail  which,  until  twelve  years 
after  the  date  of  the  last  delivery,  shall  become  crushed,  bruised,  broken 
or  seriously  worn,  whether  the  same  be  caused  by  ordinary  or  increased 
traffic,  by  the  application  of  brakes,  or  by  whatever  cause  (accident 
alone  excepted);  and  should  any  rail  suj^plied  in  lieu  of  an  injured  rail 
become  injured  as  above  described,  the  contractor  shall  continue  to  sup- 
ply new  rails  in  exchange  as  many  times  as  the  rails  become  injured  in 
wear  as  above  described,  until  the  expiration  of  the  term  of  the  guar- 
antee. 

Mldlaad  Great  Western  Railway  {Ireland). — The  rails  are  to  be  rolled 
perfectly  true  and  uniform  throughout  to  the  section  shown  (flange  sec- 
tion; Plate  LXIII),  to  be  straight  and  out  of  twist,  smooth  onthe  surfaces, 
free  from  flaws  or  imperfections,  and  care  must  be  taken  that  every  rail 
is  cooled  in  such  a  manner  as  to  insure  a  proper  temper.  The  weight  to 
be  79  pounds  per  yard,  none  accepted  weighing  less  than  78  pounds,  and 
no  allowance  for  any  weighing  more  than  80  pounds  per  yard.  Each 
rail  is  to  have  two  oval  holes  punched  at  each  end,  as  shown;  these 
holes  are  to  fit  perfectly  the  fish-plates,  when  in  their  proper  position, 
and  no  variation  in  either  the  position  or  size  of  holes  exceeding  3\.  of  an 
inch  will  be  allowed.  Each  rail  is  to  be  stamped  on  both  sides  of  the 
web,  near  the  midclle  (but  not  Oi:)posite),  with  the  letters  M.  G.  W.  E.., 
the  maker's  name  and  year  of  manufacture.  The  material  out  of  which 
the  rails  are  to  be  rolled,  to  be  tough  Bessemer  steel  of  uniform  char- 
acter. The  fish-plates  ai'e  specified  to  be  made  true,  uniform  and  per- 
fect in  every  respect,  of  iron  of  a  tough  quality,  capable  of  bearing  a 
minimum  tensile  strain  of  22  tons  per  square  inch,  and  to  stretch  10  per 
cent,  in  length  before  frat'ture.  The  plates  to  be  ideauly  punched  from 
the  inside,  in  pairs,  alternately  with  square  and  round  holes  and  to  fit 
perfectly  the  sides  of  the  rails. 
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South  AusU'cdian  Government  Railways. — The  rails  are  to  be  made 
from  ingots  large  enough,  to  make  one  or  two  rails,  and  the  contractor 
must  state  whether  they  will  be  made  by  the  Bessemer  or  Siemens'  proc- 
■ess.  If  by  the  Bessemer  process,  the  ingots  are  to  be  made  of  the  most 
approved  mixture  of  hematite  pig,  all  to  be  remelted  in  the  air  furnace 
before  being  subjected  to  the  Bessemer  process.  If  by  the  Siemens' 
process,  the  ingots  are  to  be  made  of  the  most  approved  mixture  of 
hematite  pig,  with  the  usual  percentage  of  scrap  steel  added,  and  during 
the  time  the  metal  is  in  the  furnace  care  must  be  taken  to  intro- 
duce such  a  mixture  of  spiegeleisen,  etc.,  as  shall  insure  an  ingot 
of  the  hardest  and  toughest  metal  for  the  purposes  of  rail  making. 
Each  rail  should  be  made  from  an  ingot  not  less  than  10  inches  square  at 
the  smallest  end,  and  of  sufficient  weight  to  allow  all  the  unsound  parts 
to  be  cut  off  each  of  ihe  rails.  The  ingots  are  to  be  cogged  into  a  per- 
fectly sound  and  comj)act  bloom.  The  fish-bolt  holes,  oval,  are  to  be 
■drilled.  The  rails  are  to  be  30  feet  long;  those  for  the  inner  side  of 
curves  to  be  29  feet  8  inches  long.  The  manufacturer  must  ascertain 
and  inform  the  inspector  daily  of  the  percentage  of  carbon  in  the  rails, 
to  enable  him  to  report  to  the  iusj^ecting  engineer.  The  fish-plates  are 
to  be  rolled  from  first  quality  of  Bessemer  or  Siemens'  steel,  suitable  for 
the  jiurpose  and  equal  to  the  rails.  The  guarantee  for  rails  and  fish- 
plates is  for  a  jjeriod  of  six  years. 

Fastenings. 

One  detail  in  which  English  track  is  superior  to  the  average  American 
track  is  that  of  the  fastenings;  and  this  detail  is  one  of  such  vital  impor- 
tance for  the  efficiency  and  safety  of  the  track,  that  it  is  worthy  of  very 
careful  consideration.  With  the  exception  of  a  few  cases,  where  some 
improved  device  has  been  adopted,  such  as  the  Bush  interlocking-bolts 
on  a  part  of  the  New  York  Central,  the  rails  on  American  lines  are  held 
down  only  by  the  spikes,  and  for  this  reason  accidents  caused  by  the 
spreading  of  the  track  or  overturning  of  the  rails  are  very  common. 
The  ordinary  spike  cannot  and  does  not  hold  under  heavy  traffic,  and 
any  one  who  cares  to  make  a  little  observation  can  learn  some  very 
startling  facts  on  the  matter  of  rail  fastenings. 

The  chairs  for  the  double-headed  rails  in  England  are  usually  fastened 
to  the  ties  by  spikes,  plain  wooden  trenails,  compressed  trenails  (w^hich 
expand  and  form  a  very  tight  fastening),  or  hollow  trenails,  which  are 
first  driven  into  the  hole  bored  in  the  tie  and  then  have  a  round  spike 
driven  into  the  hole.  On  the  Great  Eastern  Kailway  the  trenails  are 
6i-  inches  long,  1^  inches  diameter  for  about  4  inches  from  the  bottom, 
and  then  widen  out  to  1^-  inches  diameter  at  the  top.  The  spikes  are 
round,  t-inch  diameter  and  5^  inches  long  under  the  head,  which  is 
hemispherical.     The  London  and  North  Western  Railway  has  its  chairs 
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fastened  by  two  plain  spikes  and  two  galvanized  screw-spikes  (three 
threads  to  the  inch) ;  the  latter  grip  the  chairs  by  means  of  wooden  fer- 
rnles  placed  in  the  hole,  through  which  the  screws  pass;  the  heads  of 
these  screw-spikes  are  hexagonal.  The  rails  are  secured  in  the  chairs  by 
wooden  blocks,  called  "keys,"  driven  horizontally  between  the  Aveb  of 
the  rail  and  the  jaw  of  the  chair;  they  are  usually  about  3i  inches  high 
by  2h  inches  wide  and  7  inches  long,  sometimes  taper  and  sometimes  of 
uniform  section.  The  London  and  North  Western  Railway  uses  a  chair 
with  four  horizontal  grooves  in  the  face  of  the  jaw,  the  ridges  biting 
into  the  wooden  key  and  preventing  it  from  slacking  back.  The  keys 
are  driven,  when  possible,  in  the  direction  of  ths  traffic,  and  are  usually 
on  the  outside  of  the  track;  but  some  lines  have  them  on  the  inside. 
Iron  keys,  made  of  a  strip  of  iron  coiled  spirally,  with  a  slight  taper,  to 
the  form  of  the  cross-section  of  an  ordinary  w'ood  key,  are  used  to  a 
small  extent. 

But  what  is  of  more  interest  and  imjiortance  to  American  engineers 
is  the  way  in  which  the  flange  rails  are  fastened  to  the  ties.  The  princi- 
pal feature  is  the  almost  universal  use  of  the  fang-bolt,  a  very  efficient 
form  of  attachment.  These  bolts  are  used  at  joints  and  at  one  or  more 
intermediate  points;  there  is  a  fang-nut  at  the  under  side  of  the  tie,  and 
the  edges  of  this  cut  into  the  wood,  so  that  the  bolt  can  be  screwed  up 
from  the  top.  In  some  cases  the  bolt  passes  through  the  flange  of  the 
rail,  in  other  cases  it  holds  the  flange  by  means  of  a  clip  or  crab;  the 
former  method  is  objectionable  on  account  of  expense  and  of  trouble  in 
adjustment.  Screws,  square  (dog-headed)  spikes  and  jagged  sjjikes  are 
used,  in  conjunction  with  the  fang-bolts,  at  intermediate  ties.  On  the 
Midland  Great  Western  Railway  (Ireland),  ordinary  bolts  and  nuts  are 
used,  but  the  nuts  of  the  two  bolts  to  each  rail  fit  into  a  i^iece  of  channel 
iron  on  the  underside  of  the  tie,  which  prevents  their  turning;  this  ar- 
rangement is  shown  on  one  of  the  plates.  With  regard  to  this  fast- 
ening Mr.  Price  writes  as  follows:  "I  fasten  down  with  three  pair  of  sole- 
plates  to  each  pair  of  rails,  one  pair  on  each  end  and  one  pair  on  the 
center  sleeper.  The  bolts  fastening  down  are  very  large,  for  first-class 
railway  In; -inch  diameter,  outside  flange,  or  rather  -jiuch  on  flange, 
with  washer  on  top  gripping  the  rail.  A  road  thus  fastened  has  never 
been  known  to  spread,  even  a  derailed  vehicle  cannot  burst  it.  The 
plates  also  i>revent  rail  cutting  into  sleeper  on  outside  edge  round  curves. " 
Sole-ijlates  are  sometimes  used  at  joints.  For  further  details  I  refer  to 
the  accompanying  notes  of  a  number  of  railroads. 

Joints. 

The  joints  of  English  roads  do  not  give  so  much  trouble  as  those  of 
American  roads,  and  I  think  this  is  largely  due  to  the  security  of  the 
fastenings  to  the  ties,  especially  the  joint  ties,  and  also  to  the  wide  spac- 
ing of  the  ties  in  the  middle  and  close  spacing  at  joints.     Mr.  Sand- 
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berg  attributes  this  fact  to  the  great  weight  of  the  rails.  The  joints  are 
sometimes  even  and  sometimes  broken ;  sometimes  supported,  as  on  the 
Great  Northern  Eailway,  where  two  of  the  fish  bolts  pass  through  the 
jaw  of  a  special  joint-chair  (Plate  LXIII),  but  usually  suspended.  The 
ordinary  joint  consists  of  a  pair  of  straight  fish-plates,  18  inches  long, 
with  four  bolts,  the  bolts  having  a  square  neck  to  prevent  turning.  The 
holes  are  generally  spaced  4^  inches  center  to  center;  on  the  Lancashire 
and  Yorkshire  Railway  the  inner  ones  are  6  inches  center  to  center,  and 
the  outer  ones  4^  inches  center  to  center,  while  on  the  Midland  Great 
Western  Railway  (Ireland),  the  inner  holes  are  4  inches  center  to  center, 
and  the  outer  ones  5  inches  center  to  center.  On  this  line  the  rail-holes 
are  1-inch  by  14  inches  oval,  one  fish-plate  has  holes  yg-inch  square  and 
the  other  plate  has  them  ig-inch  diameter.  Generally  the  rail-holes  are 
1  by  1-J-  inches  oval,  and  the  fish-plate  holes  1-inch  square.  The  bolts 
are  usually  ^-inch  diameter.  Angle  bars  are  used  to  some  extent,  also 
fish-plates  with  the  lower  part  bent  to  nearly  embrace  half  the  lower 
head  of  double-he  uled  rails.  For  flange  rails,  the  Z  plates,  with  a  verti- 
cal web  projecting  below  the  flange  of  the  rail,  are  frequently  used,  as 
shown  on  the  drawing  of  the  Great  Southern  and  Western  Railway  (Ire- 
land). A  space  of  about  -fV-inch  is  left  between  the  ends  of  rails  when 
laying  track  at  ordinary  temperature.     Lock  nuts  are  not  much  used. 

Cross-Ties. 

The  ties  are  iisually  of  Baltic  redwood,  10  by  5  inches  by  9  feet, 
spaced  2  feet  9  inches  to  3  feet  center  to  center.  They  are  almost  in- 
variably creosoted,  with  about  7  pounds  of  oil  per  cubic  foot.  Some 
roads  have  the  creosoting  done  by  contract;  others  have  their  own  plant 
for  the  work.  Among  the  latter  may  be  mentioned  the  Lancashire  and 
Yorkshire  Railway  and  the  Great  Northern  Railway  (Ireland),  both  of 
which  have  very  large  and  complete  plants,  and  pay  careful  attention 
to  the  important  jjoint  of  tie  preserving.  (See  Appendix  B.)  I  will 
not  now  go  further  into  this  matter,  as  it  has  been  dealt  with  in  a  paper 
hj  Mr.  John  Bogart,  M.  Am.  Soc.  0.  E.,  entitled,  "The  Permanent 
Way  of  Railways  in  Great  Britain  and  Ireland,  with  Especial  Refer- 
ence to  the  use  of  Timber  Preserved  and  Unpreserved,"  and  read 
November  20th,  1878.*  I  would  say,  however,  that  I  do  not  think  enough 
practical  attention  is  paid  in  this  country  to  the  question  of  preserving 
railroad  ties,  and  that  some  points  in  the  matter  may  be  learned  from 
English  practice. 

Usually  the  ties  are  of  rectangular  section,  but  on  the  Midland  Great 
Western  Railway  (Ireland),  they  are  preferred  of  half-round  section,  ex- 
cept where  the  bearing  plates  are  used.  Mr.  Price  says  that  for  heavy 
-traffic  he  would  prefer  sleepers  11  by  5^  inches;  he  uses,  however,  sleep- 


'  Transactions,  Vol.  VIII,  page  17,  January,  1879. 
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ers  10  by  5  inches,  8  feet  11  inches  long,  always  creosoted.  The  f ollowing^ 
is  from  the  company's  specifications:  The  timber  is  to  be  of  good,  sound 
Baltic  red-wood,  free  from  shakes  or  other  defects,  well  seasoned  and 
dry;  90  per  cent,  of  both  rectangular  and  half-round  sleepers  to  have 
not  less  than  7^  inches  diameter  of  heart  wood;  and  10  per  cent, 
not  less  than  7  inches  at  both  ends.  On  one  side  the  rectangular  sleep- 
ers to  have  50  per  cent,  sharp  edges  down  to  9  inches  surface,  and  50  per 
cent,  not  less  than  8  inches;  and  on  the  other  side  all  edges  to  be  sharji. 
The  rectangular  sleepers  to  be  grooved  and  bored  and  the  half-round 
sleepers  to  be  grooved,  in  accordance  with  templates,  which  will  be  sup- 
plied by  the  engineer.  After  being  grooved  and  bored  they  are  to  be 
placed  in  a  receiver  and  thoroughly  imijregnated  with  the  best  creosote 
oil  (an  equal  mixture  of  light  brown  and  black  oil)  under  such  ju'essure, 
and  for  such  time,  as  shall  entirely  fill  the  pores  with  the  liquid.  The 
sleepers  are  not  to  be  creosoted  till  they  have  been  stacked  in  the  con- 
tractor's premises  for  at  least  three  months  after  inspection  by  the 
engineer.  The  engineer  will  reject,  either  before  or  after  delivery, 
any  sleepers  which  do  not  comply  with  the  above  conditions,  or  any 
sleepers  the  sap-wood  of  which  has  not  been  fully  creosoted.  Sections  of 
these  sleepers  Avill  be  found  on  Plate  LXVI. 

Steel  ties  are  in  use  on  a  large  number  of  lines,  and  their  use  is  being 
extended.  They  are  of  the  "inverted  trough"  section,  and  are  used 
mainly  on  divisions  where  there  is  a  very  heavy  traffic.  The  bull-headed 
rail,  with  its  heavy  chairs,  is,  however,  mounted  on  these  ties,  so  that  the 
entire  metal  track  is  very  complicated  and  expensive,  and  represents  a 
gi'eat  amount  of  money  sunk  and  absolutely  wasted  in  metal,  which  with 
a  proper  form  of  rail  would  not  be  required  at  all.  Each  comj^lete  steel 
tie  on  the  London  and  North  Western  Railway  represents  a  considerable 
amount  of  shop  work ;  the  chairs  being  made  of  three  plates  rolled  from 
the  crop  ends  of  steel  rails,  bent  to  the  required  shaj^e  and  riveted  to  the 
tie;  this  work  is  done  by  the  company  at  its  own  steel  works  at  Crewe. 
With  a  well-designed  flange  rail  of  proper  weight,  a  metal  track  could 
be  obtained  clieaper  than  the  present  expensive  system,  and  fully  as 
efficient. 

The  ballast  consists  generally  of  broken  stone  or  furnace  slag,  on 
some  lines  covered  with  a  boxing  of  gravel.  On  the  Midland  Railway 
the  ballast  has  a  flat  outer  slope  and  is  brought  up  nearly  level  with  the 
under  side  of  the  rail-head  on  the  outside  of  the  track,  and  level  with  the 
tops  of  the  ties  between  the  rails.  The  ballast  is  about  1  foot  deep  under 
the  ties.     Burnt  clay  is  sometimes  used. 

Switches  and  Okossings. 

With  double-headed  rails  the  switches  and  crossings  are  very  sub- 
stantial, the  rails  being  supi)orted  on  each  tie  by  specially  cast  chairs. 
The  ties  are  generally  12  by  6  inches,  spaced  2  feet  4  inches  and  1  foot 
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10  inches  at  joints.  Tlie  points  of  the  switch-rails  are  housed  under  the 
heads  of  the  stock-rails,  and  the  chairs  upon  which  the  points  of  the 
switcli-rails  slide  rest  on  a  wrought-iron  plate,  which  is  nearly  as  long 
and  broad  as  the  face  of  the  tie.  The  switch-rails  are  connected  by 
tie  rods.  With  a  12-foot  switch-rail  the  switch-rail  is  12  feet  long  and 
the  stock-rail  19  feet  6  inches;  with  a  15-foot  switch  they  are  15  and  22 
feet  long  respectively,  and  with  an  18-foot  switch  they  are  18  and  30  feet 
long.  A  drawing  of  a  three-throw  switch  shows  a  long  switch-rail  of  14 
feet  6  inches,  a  short  switch-rail  of  12  feet  and  a  stock-rail  of  19  feet  6 
inches.  The  throat  of  the  frogs  is  usually  |-inch  wide,  and  a  clearance 
of  2^  inches  is  givea  for  wheel  flanges.  The  heel  joint  of  the  switches  is 
usually  suspended.  Cast  crossings,  whether  of  steel  or  iron,  are  in  less  favor 
than  they  were  a  few  years  ago;  the  ordinary  built-up  crossing  finds 
most  favor  and  is  beginning  to  supplant  the '  former  in  India  and  the 
colonies.  With  flange-rail  tracks  the  rails  are  supported  on  chairs  on 
each  tie;  and  some  of  the  obtuse  crossings  on  the  Great  Southern  and 
Western  Railway  (Ireland),  are  each  supported  on  two  iron  plates  about 
1  foot  wide  by  2  feet  6  inches  long,  placed  longitudinally  and  bridging 
across  two  ties,  to  which  they  are  spiked. 

The  growth  of  switches  and  crossings  can  be  traced  from  the  oldest 
line  in  England,  the  Darlington  section  of  the  pressnt  North  Eastern 
Railway  system.  Until  about  the  year  1839,  the  switches  on  this  line 
were  made  of  cast-iron,  with  a  wrought-iron  movable  tongue  jjivoted 
at  the  heel  with  a  vertical  i^in;  the  usual  length  of  this  tongue  was  about 
3  feet.  The  first  switches  made  from  rails  were  made  at  the  blacksmith's 
fire,  and  were  6  feet  long.  The  stub  switch  has  never  been  adopted. 
Until  about  fifteen  years  ago  the  practice  in  the  north  of  England  was 
to  notch  the  stock-rail  to  receive  the  switch  tongue  (See  "A,"  on  Plate 
LXVI);  long  before  this,  however,  the  Southern  lines  had  adopted 
Wild's  patent  switch,  which  was  introduced  about  the  year  1844.  In 
this  switch  the  stock-rail  was  left  intact  and  the  web  of  the  rail  was  let 
in  under  the  head  of  the  stock-rail  at  the  jDoint.  Stock-rails  are  now 
very  rarely  notched,  except  in  the  flanges  of  Vignoles  rail  switches,  but  the 
jjoints  are  rarely  let  in  as  far  as  with  the  original  Wild's  patent  (See  "5," 
Plate  LXVI) ;  "C"  represents  a  very  common  jiractice;  "D"  represents  the 
practice  of  the  North  Eastern  Railway,  in  which  the  switch  rail  is  planed 
off  straight  and  laid  against  the  stock-rail,  the  jDoint  being  topped  down 
so  that  the  flange  of  the  wheel  j^asses  over  it.  Until  recently,  the  Lon- 
don and  North  Western  Railway  used  the  cranked  stock -rail,  but  it  is  now 
abandoning  it;  this,  as  will  be  seen  by  the  sketch  "  E"  on  Plate  LXVI, 
served  the  same  purpose  as  a  notch.  The  joint  at  the  heel  is  usually 
susj^ended,  and  the  heel  chair  is  dispensed  with,  the  switch-rail,  as  well 
as  the  rail  which  joins  on  to  the  heel,  being  buttressed  by  three  or  four 
special  chairs,  one  in  front  of  the  heel  and  the  others  behind.  A  set  of 
switch  chairs  for  a  15-foot  switch  on  the  Caledonian  Railway  weighs 
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1  036  pounds;  a  set  of  seven  crossing  chairs  for  a  1  in  10  crossing,  529 
pounds,  and  tlie  ten  cheek  chairs  for  two  15-foot  check  rails  weigh 
700  pounds.  Most  railways  prefer  to  rivet  the  splice  rail  of  a  crossing 
to  the  nose  rail,  instead  of  bolting  it;  the  best  practice  is  not  to  notch 
the  latter,  although  some  railways  prefer  this  plan.  On  some  railways 
it  is  the  practice  to  make  the  crossing  so  that  the  nose  rail  is  always  on 
the  main  line,  the  splice  rail  turning  into  the  siding;  this,  of  course,  re- 
quires the  crossing  to  be  made  both  right  and  left.  (Plates  LXY  and 
LXYI).  (I  am  indebted  to  Mr.  Thomas  Summerson,  of  Darlington,  a 
manufacturer  of  railway  plant,  for  much  of  the  above  information 
respecting  switches   and  crossings). 

The  following  list  of  the  weights  of  some  English  locomotives  may 
be  interesting  in  connection  with  the  subject  of  the  track  of  the  rail- 
roads: 


Weight  in  Gross  Tons. 


Ou  driving 
axle. 


Mersey  Eailway — 

(a).  Tank  engine,  6  drivers,  Irailing  truck 

Lancashire  and  Yoekshiee  Railway — 

{b).  Express;  4-coupled,  leading  truck 

Great  Western  Railway — 

*  (c).  Express;  2  drivers,  4  leaders,  single  trailers.  .  . 
Great  Northern  Railway' — 

{iJ).  Express;  2  drivers,  leading  truck,  single  trailers. 
North  Eastern  Railway — 

{(-).  Express,  compound;  4-coupled,  1  leading  axle. 
Midland  Railway — 

(/).  Express;  4-coupled,  leading  truck 

London  and  North  Western  Railway — 

(f/).  Express,  coiupound;  4  drivers,  1  leading  axle. 
Caledonian  Railway — 

(/().  Express;  2  drivers,  leading  truck,  single  trailers. 
Great  Southern  and  Western  Railway  (Ireland) — 

(i).  Express;  4-coupled,  leading  truck 

North  Eastern  Railway — 

{j).   Freight;  compound,  6-coupled 


17.] 

14J 

16 

17 

18 

15 

15 

17 


15.V 


Total. 


67* 

41f 

40 

45i 

43| 

4-23 

■±-4 

42.1 
42 

41-; 


(a)  Cylinders,  21  by  26  inches;  driving  wheels ,  4  feet  7  inches  di- 
ameter; truck  wheels,  3  feet  diameter;  weight  on  leading  coupled 
■wheels,  16*^  tons;  on  driving  wheels,  17^  tons;  on  trailing  coupled 
wheels,  171  tons;  on  trailing  truck,  1G|  tons;  total,  67*^  tons.  The 
tanks  are  at  each  side  of  the  boiler,  built  on  the  frames. 

[b]  Cylinders,  17v  by  20  inches;  driving  wheels,  6  feet  diameter; 
truck  wheels,  3  feet  7.1  inches  diameter;  wheel-base  of  truck,  5  feet  G 
inches;  of  driving  wheels,  8  feet  7  inches;  total,  21  feet  .linch.     Weight 
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on  truck,  12^  tous;  on  drivers,  14 J  tons;  on  trailers,  li}  tons;  total,  41 J 
tons. 

(c)  Cylinders,  18  by  24  inches;  driving  wheels,  8  feet  diameter;  lead- 
ing and  trailing  wheels,  4  feet  6  inches  diameter.  This  is  a  broad  (7  feet) 
gatige  engine;  similar  engines  for  standard  gauge  have  one  pair  of  lead- 
ing wheels,  and  driving  wheels  7  feet  diameter. 

{d)  Cylinders,  18  by  26  inches;  driving  wheels,  8  feet  diameter; 
truck  wheels,  3  feet  11  inches;  trailing  wheels,  4  feet  7i  inches;  weight 
on  truck,  8ro  tons  on  front  axle  and  9^^  tons  on  rear  axle;  on  driving- 
wheels,  17  tons;  on  trailing  wheels,  lOf  tons;  total,  45 i-  tons;  tender  on 
six  wheels,  4  feet  l^  inches  diameter. 

(e)  Cylinders,  one  high  pressure,  18  by  24  inches;  one  low  i)ressure, 
26  by  24  inches;  driving  wheels,  6  feet  8i  inches  diameter;  leading 
wheels,  4  feet  7;^  inches;  driving  wheel-base,  7  feet  9  inches;  total  wheel- 
base,  16  feet  5  inches;  weight  on  leading  wheels,  12i-o  tons;  on  driving- 
wheels,  18  tons;  on  trailing  wheels,  12i  tons;  total,  43f  tons.  Tender 
on  six  wheels,  3  feet  9-]-  inches  diameter;  wheel-base,  12  feet  8  inches; 
weight,  33  tons. 

(/)  Cylinders,  19  by  26  inches;  driving  wheels,  7  feet  diameter; 
truck  wheels,  3  feet  6  inches;  driving  wheel-base,  8  feet  6  inches;  truck 
wheel-base,  6  feet;  total  wheel-base,  24  feet  6  inches;  weight  on  truck, 
14j  tons;  on  driving  wheels,  15  tons;  on  trailing  wheels,  13  tons;  total, 
42 J  tons^  weight  of  tender,  35  tons. 

(g)  Cylinders,  two  high  pressure,  14  by  24  inches,  driving  the  trail- 
ing driving  wheels;  one  low  pressure,  30  by  24  inches,  driving-  the  for- 
ward driving  wheels;  driving  Avheels,  6  feet  3  inches  diameter;  leading 
wheels,  3  feet  9  inches  diameter;  driving  wheel-base,  9  feet  8  inches; 
iotal  wheel-base,  18  feet  1  inch;  weight  on  leading  wheels,  12|tons;  on 
low  pressure  driving  wheels,  15  tons;  on  high  pressure  driving  wheels, 
15  tons;  total,  42|^  tons. 

[li]  Cylinders,  18  by  26  inches;  driving-  wheels,  7  feet  diameter; 
truck  wheels,  3  feet  6  inches;  trailing  wheels,  4  feet  6  inches;  driving 
wheel-base,  8  feet;  truck  wheel-base,  6  feet  6  inches;  total  wheel-base, 
21  feet  1  inch;  weight  on  truck,  13^  tons;  on  driving  wheels,  17  tons; 
on  trailing  wheels,  11|^  tons;  total,  42  tons;  tender  on  six  wheels,  4  feet 
diameter;  wheel-base,  13  feet;  weight,  33i  tons. 

{i)  Cylinders,  18  by  24  inches;  driving  wheels,  6  feet  6  inches  diam- 
eter; truck  wheels,  3  feet  diameter;  driving  wheel-base,  8  feet  3 
inches;  truck  wheel-base,  5  feet  3  inches;  total  wheel-base,  20  feet  5 
inches. 

iJ)  Cylinders,  one  high  pressure,  18  by  24  inches;  one  low  pressure, 
26  by  24  inches;  wheels  (all  coupled  drivers),  5  feet  l^  inches  diameter; 
wheel-base,  16  feet  6  inches;  weight  on  leaders,  14^  tons;  on  drivers, 
15 J  tons;  on  trailers,  12|  tons;  total,  41|  tons.  Tender  similar  to  that 
of  engine  (e). 
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While  the  American  type  of  track,  as  a  type,  is  probably  the  best 
that  could  be  designed,  yet  there  are  many  matters  of  detail  in  which  it 
is  open  to  improvement,  and  in  some  of  these  matters  something  may 
be  learned  from  European  i^ractice.  I  now  come  to  the  description  in 
detail  of  the  tracks  of  some  English  railroads,  but  in  concluding  this 
first  part  of  my  paper  I  may  say  that  I  should  very  much  like  to  see 
heavy  "rails  on  steel  ties  adopted  for  roads  with  heavy  traffic.  Of 
course,  this  is  principally  a  question  of  expense,  but  in  my  opinion  the 
metal  ties  should  be  adopted  not  only  as  a  substitute  for  wood  where, 
or  when,  timber  is  scarce,  but  as  ordinary  ties,  for  standard  first-class- 
track.  In  almost  every  large  country  but  America,  and  in  not  a  few  of 
the  smaller  countries,  metal  sleepers  have  been  given  an  extended  trial, 
and  in  many  cases  they  have  passed  beyond  the  experimental  stage  and 
are  being  introduced  and  extended  very  rapidly.  It  seems  to  me  a  pity 
that  more  is  not  done  by  American  railroad. engineers  to  try  for  them- 
selves the  advantages  of  metal  track  before  the  state  of  the  timber 
supply,  and  the  consequent  excessive  cost  for  wooden  ties,  compels  them 
to  take  some  action  in  the  matter,  for  which  they  are  not  prej^ared. 

Great  Noktheen  Eailway. 

The  standard  tra.'k  of  this  railway  consists  of  Bessemer  steel  rails,  of 
bull-headed  section,  30  feet  long,  weighing  82  pounds  per  yard.  They 
are  supported  in  cast-iron  chairs  on  each  tie,  the  chairs  having  a  base  of 
6^^  inches  by  15 J  inches,  and  weighing  40  poiinds  each;  the  joint  chairs 
have  a  base  of  8  by  15  J  inches,  and  weigh  53  pounds  each.  The  rails 
have  an  inward  tilt  of  1  in  24,  given  by  the  inclination  of  the  seat  in  the 
chair.  The  ties  are  of  Baltic  redwood,  creosoted  with  not  less  than  35 
gallons  of  creosote  forced  into  a  load  of  50  cubic  feet  of  timber.  They 
are  10  by  5  inches  by  8  feet  11  inches,  spaced  1  foot  9]  inches,  center  to 
center,  at  joints,  and  2  feet  Tj  inches,  center  to  center,  intermediate. 
The  creosoting  is  done  by  contract;  the  contractor  provides  the  plant 
and  the  company  finds  the  ground.  The  life  of  the  sleepers  varies,  of 
course,  but  the  average  may  be  taken  as  about  ten  years.  The  rails  are 
secured  in  the  chairs  by  compressed  fir  keys  driven  between  the  web  of 
the  rail  and  the  jaw  of  the  chair,  on  the  outside  of  the  track.  The 
ordinary  chairs  are  attached  to  the  ties  by  two  trenails  and  one  round 
spike ;  the  joint  chairs  by  two  trenails  and  two  spikes.  The  tre- 
nails are  of  English  oak,  and  are  comi^ressed  not  less  than  -i\-inch;  the 
keys  are  compressed  not  less  than  ^-inch.  The  rail  joints  are  even  and 
are  spliced  with  two  plain,  straight  fish-plates,  18  inches  long  by  2\i- 
inches  deep  and  1-inch  thick,  with  four  i-inch  bolts,  and  there  is  a 
space  of  i-inch  between  the  plate  and  the  web  of  the  rail;  the  plates 
weigh  20  pounds  per  pair.  The  two  outer  bolts  pass  through  the 
rail  and  fish-jilates  as  in  the  ordinary  joint,  but  the  two  bolts  next 
the  rail  ends  also  i)ass  through  the  jaw  of  the  chair,  which  is  on  the  out- 
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side  of  the  track.  The  holes  in  the  plates  are  1-inch  square,  spaced  41 
inches,  center  to  center.  The  switches  and  crossings  are  made  from 
steel  rails.    (Plate  LXIII). 

(An  estimate  of  the  cost  of  laying  one  mile  of  single  track  road  is^ 
given  in  Appendix  "  A,"  the  prices  being  those  of  1885). 

XoKTH  Eastern  Eailwat. 

The  standard  track  of  this  railway  consists  of  steel  rails,  of  double- 
headed  (reversible)  section,  30  feet  long,  weighing  82  jjounds  per  yard. 
They  are  supported  in  cast-iron  chairs  on  each  tie,  the  chairs  having  a 
base  of  73  by  12  i  inches,  and  weighing  40  pounds  each.  The  rails  have 
an  inward  cant  of  1  in  20.  The  ties  are  10  by  5  inches  by  9  feet,  and 
there  are  eleven  ties  to  each  rail,  spaced  as  follows:  2  feet  3i  inches, 
center  to  center  at  joint;  2  feet  4  inches;  2  feet  8  inches;  2  feet  10  inches; 
3  feet;  3  feet  i-inch;  3  feet  J-inch;  3  feet;  2  feet  10  inches;  2  feet  8 
inches;  2  feet  4  inches;  and  2  feet  3i  inches  at  the  joint.  The  rails  rest 
on  wooden  cushions  in  the  seat  of  the  chairs,  and  are  secured  by  wood 
keys  driven  on  the  outside  of  the  track.  Each  chair  is  attached  to  the 
tie  by  four  22-ounce  spikes.  The  rail-joints  are  even  and  suspended; 
they  are  spliced  by  a  pair  of  plain  fish-plates  and  four  bolts;  the  fish-plates 
weigh  13  pounds  each,  and  a  bolt  and  nut  24  ounces.  The  bolt  holes  in 
the  rail  are  1  by  1^  inch,  oval.  A  space  of  ^-inch  is  left  between  the 
rail  ends  at  the  joints.     (Plate  LX). 

(An  estimate  of  cost  per  mile  is  given  in  Appendix  "A,"  the  prices- 
being  those  of  1887). 

LaNCASHIEE   AND   YoKKSHIEE   RAHiWAY. 

The  standard  track  of  this  railway  consists  of  steel  rails,  of  bull- 
headed  section,  30  feet  long,  weighing  86  pounds  per  yard.  The  sec- 
tional dimensions  are:  height,  di-l  inches;  width  of  head  and  base,  2%^ 
inches;  thickness  of  web,  fl-inch,  sectional  area,  8.52  square  inches. 
They  are  supjiorted  in  cast-iron  chairs  on  each  tie;  the  chairs  having  a 
base  of  7f  by  15^  inches,  having  a  base  area  of  120  square  inches,  and 
weighing  56  jjounds  each.  The  rails  have  an  inward  cant  of  1  in  20.. 
The  ties  are  9  feet  by  10  by  5  inches,  spaced  2  feet  9^  inches  and  2  feet  lOi 
inches,  center  to  center,  and  2  feet  at  joints;  they  are  of  creosoted 
Baltic  timber  and  weigh  158  pounds  each.  Their  average  life  is  about 
sixteen  years.  The  rails  are  secured  by  keys  of  compressed  yellow 
pine,  coated  with  black  lead,  on  the  outside  of  the  track;  these  keys  are  6i 
inches  long  and  2}  inches  deep,  tapered  lengthwise  from  2  to  If  inches  in 
thickness,  and  weighing  about  I  i^ound  each.  Each  chair  is  attached 
to  the  tie  by  two  spikes  and  two  trenails,  the  latter  blackleaded.  The 
spikes  are  of  wrought-iron,  6|-  inches  long  from  the  underside  of  the 
head,  ju-inch  diameter,  and  weighing  !{-  pounds  each.  The  trenails 
are  of  American  oak,  compressed  and  blackleaded;    they  are  6  inches- 
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loug,  tapering  for  about  one-third  of  tlieir  length,  from  the  head,  from 
Iv  inches  diameter  to  1}  inches,  and  the  remainder  from  1^  to  Ire 
inches;  they  weigh  abont  4  ounces  each.  The  joints  are  even  and  sus- 
pended; they  are  sphced  by  plain,  straight  fish-plates,  fastened  by  four 
steel  bolts,  with  the  Ibbotson  steel  lock  nut.  The  plates  are  of  steel, 
18  inches  long,  3|  inches  deep  on  the  outside  and  beveled  to  2^^^  inches 
on  the  inside;  they  are  ^-inch  thick,  and  weigh  28  pounds  per  pair. 
They  are  so  shaped  as  to  bear  only  on  the  underside  of  the  head  and 
the  top  of  the  base  of  the  rail,  leaving  a  clear  space  of  about  y-inch  be- 
tween the  plate  and  the  web  of  the  rail.  One  of  each  pair  of  plates  has 
square  punched  holes  to  fit  the  square  neck  of  the  bolts,  the  other  has 
round  holes;  the  former  are  1-inch  square  and  the  latter  1-inch  diam- 
eter; the  holes  in  the  rails  are  1^  by  1^  inches,  oval.  The  inner  holes 
are  6  inches  center  to  center,  the  outer  ones  4|  inches.  The  bolts  are 
4|  inches  long  from  the  under  side  of  the  head,  i-inch  diameter,  square 
necked  for  about  f-inch  from  the  head,  and  weigb,  with  washers,  Im- 
pounds each.  A  space  of  ^-inch  is  left  between  the  ends  of  the  rails  at 
joints. 

Flange  rails  have  been  abandoned,  except  at  engine  pits,  etc.,  but 
this  flange-rail  track  (which  is  shown  on  the  drawings)  presents  some 
interesting  points.  The  rails  are  of  steel,  21  feet  long,  weighing  72 
pounds  per  yard.  The  sectional  dimensions  are:  height,  5:j\,  inches; 
width  of  head,  2%h  inches;  width  of  base,  5  inches;  thickness  of  web, 
It-inch.  They  are  carried  on  longitudinal  timbers,  to  which  they  are 
secured  by  "bracket  chairs,"  which  consist  practically  of  a  pair  of 
short  angle-bars,  6  inches  long,  v-inch  thick,  and  weighing  51  pounds 
each,  bolted  together  through  the  rail  with  one  i-iuch  wrought-iron 
bolt,  4j  inches  long,  weighing  IJ  pounds.  Each  pair  of  plates  is  fastened 
to  the  sleeper  by  one  spike  and  one  coach-screw,  jaassiug  through  the 
horizontal  flange  and  arranged  alternately  on  the  inside  and  outside  of 
the  rail.  The  spikes  are  of  wrought-iron,  y^-inch  diameter,  4^}  inches 
long  under  the  head,  weighing  10^  ounces  each;  the  coach-screws  are 
]-iuch  diameter,  5^  inches  long  under  the  head,  weighing,  with  washers, 
14f  ounces  each.  The  "brackets"  are  spaced  3  feet  IV  inches  center  to 
center,  and  2  feet  3  inches,  center  to  center,  at  joints.  The  joints  are 
sx^liced  with  straight  wrought-iron  plates,  18  inches  loug,  -f  g-iuch  thick, 
weighing  22  pounds  i^er  pair;  they  are  bolted  together  by  four  wrought- 
iron  bolts,  i-inch  diameter,  4-^  inches  long,  weighing  Ig-  pounds  each. 
The  mode  of  attachment  would  seem  to  be  unnecessarily  expensive  for 
the  class  of  track  for  which  it  is  used,  but  would  make  a  very  safe  track 
for  ordinary  traffic. 

The  frogs  are  made  of  bull-headed  rails,  planed  and  spliced,  with 
cast-iron  collars  or  coupling  chairs,  each  cast  to  the  proper  angle  and 
generally  embracing  the  wing  or  guard  rail  as  well.  The  ballast  con- 
.sists  of  a  layer  of  hard  rough  stone  pitching,  1*  iiu-lies  deej^  laid  on 
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edge  aud  liand-jaacked  as  closely  and  compactly  as  possible;  over 
this  is  spread  a  layer  of  ashes  9  inches  thick,  on  the  top  of  which 
the  sleepers  are  laid  and  packed  throughout  until  an  even  surface  is 
obtained,  after  which  the  line  is  boxed  to  the  level  of  the  underside  of 
the  rail.  This  company  has  its  own  plant  for  seating,  boring  and  creo- 
soting  its  ties,  and  has  also  a  machine  for  attaching  the  chairs  to  the 
ties  in  the  shop,  thus  saving  work  on  the  "track.     (Plate  LXI). 

(An  estimate  of  cost  per  mile,  etc.,  is  given  in  Aj)pendix  "A,"  the 
prices  being  those  of  1887.  A  description  of  the  creosoting  plant  and 
process  is  given  in  Appendix  "B  "). 

Midland  Eailavay. 

The  standard  track  of  this  railway  consists  of  steel  rails,  of  bull- 
headed  section,  30  feet  long,  weighing  85  pounds  per  yard.  They  are 
sujiported  in  cast-iron  chairs  on  each  tie,  the  chairs  having  a  base  of 
15 1  by  7 J  inches  and  weighing  50  pounds  each;  the  edges  of  all  chairs 
are  rounded  to  prevent  chijDping.  The  rails  have  an  inward  tilt  of  1  in 
22.     The  ties  are  laid  with  the  sawn  face  up  and  are  sj^aced  as  follows: 

2  feet  2  inches  at  joint;  2  feet  3  inches;  2  feet  9  inches;  2  feet  11  inches; 

3  feet;  3  feet;  3  feet;  3  feet;  2  feet  11  inches;  2  feet  9  inches;  2  feet  3 
inches,  and  2  feet  2  inches  at  the  joint.  The  rails  are  secured  in  the 
chairs  by  oak  keys  7  inches  long  and  about  2^  inches  by  3f  inches  sec- 
tion. Instead  of  nails  being  used  to  i^revent  keys  from  droj^jjing  out, 
the  ballast  is  reqiiired  to  be  banked  uj)  level  with  the  to^)  of  the  keys. 
The  keys  are  on  the  outside  of  the  track.  The  chairs  are  attached  to 
the  ties  by  two  spikes  and  two  oak  trenails.  The  joints  are  even  and  sus- 
pended; they  are  spliced  by  a  pair  of  deep  fish-jjlates,  the  lower  part 
being  curved  to  embrace  the  lower  head,  so  that  the  bottom  edges  of 
the  ijlates  nearly  meet  under  the  rail.  (Plate  LXII).  The  plates  are 
18  inches  long,  weigh  40  pounds  per  pair  aud  are  fastened  by  four 
l^-inch  steel  bolts.  The  bolt  holes  in  the  rails  are  1  inch  by  1^  inch, 
oval,  and  the  holes  in  the  fish-plates  are  1-inch  square;  they  are  sjDaced 
M  inches,  center  to  center.  A  sj^ace  of  -iVinch  is  left  between  the  rail 
ends  at  ordinary  temjserature.  The  frogs  are  made  of  steel  rails;  for  all 
common  crossings  a  check  rail  is  placed  on  each  side,  at  least  12  feet  in 
length,  and  much  longer  in  si:)ecial  cases.  The  narroAvest  part  of  the 
throat  of  the  frog  is  If  inches  wide.  At  switches  the  ties  are  12  by  6 
inches  or  10  by  5  inches,  of  suitable  length,  and  spaced  about  2  feet  2 
inches,  center  to  center.  The  switch-rails  are  connected  by  Ijinch  tie 
rods,  and  are  cut  down  near  the  ends  so  that  the  tongue  is  housed  under 
the  head  of  the  stock  rail.  The  ends  of  wing  rails  at  frogs  are  turned 
out  with  a  radius  of  18  inches.  Wooden  blocks  are  fitted  in  the  "  V  " 
part  of  common  crossings  in  some  cases,  to  prevent  coupling  chains 
from  catching.     (Plate  LXII). 
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Great  Eastern  Bailway. 

The  standard  track  of  this  railway  consists  of  steel  rails,  of  bull-lieaded 
section,  30  feet  long,  weighing  80  and  85  pounds  per  yard;  the  80-pound 
rails  have  a  rounded  head,  while  the  85-pound  rails  have  vertical  sides 
to  the  head.  They  are  supported  in  cast-iron  chairs  on  each  tie,  the 
chairs  having  a  base  of  6f  by  15i  inches,  and  weighing  43  pounds  each. 
The  rails  have  an  inward  tilt  of  1  in  22.  The  ties  are  9  feet  by  10  inches 
by  5  inches;  spaced  from  2  feet  1  inch  at  the  joints  to  2  feet  9f  inches  at 
the  middle.  The  rails  are  secured  by  oak  keys,  driven  on  the  outside  of 
the  track.  The  chairs  are  attached  to  the  ties  by  two  |^-inch  spikes  and 
two  i-inch  oak  trenails.  The  joints  are  susj)ended  and  are  spliced  by 
deep  fish-plates,  similar  to  those  of  the  Midland  Eailway;  they  are  18 
inches  long  and  weigh  34  pounds  per  pair.  The  bolt  holes  in  the 
rails  are  if-inch  by  1^  inches,  oval ;  the  holes  in  the  fish-plates  are 
xf-inch  square;  the  bolts  being  |-inch  diameter.  The  inner  holes  are 
spaced  5i  inches,  center  to  center,  and  the  outer  ones  4^  inches.  No 
frog  is  to  be  laid  at  a  flatter  angle  than  1  in  8,  and  as  far  as  possible 
to  be  limited  to  1  in  6.  All  frogs  to  be  laid  tight  to  gaiige,  from  4  feet 
S  inches  to  4  feet  8J  inches,  as  circumstances  may  require,  and  each 
line  to  cross  on  the  straight,  wherever  iiossible,  for  at  least  20  feet  on 
each  side  of  the  crossing.  All  frogs  to  give  a  depth  of  not  less  than  2 1, 
inches  clearance  for  the  flanges  of  wheels.  The  ballast  is  of  gravel  and 
is  1  foot  deep  under  the  ties.     (Plates  LXIII  and  LXV). 

Severn  and  Wye  and  Severn  Bridge  Bailway. 

This  road  was  originally  laid  with  flange  rails,  but  double-headed 
rails  have  now  been  adopted  on  the  main  portions  of  the  line,  because, 
to  quote  the  words  of  the  engineer:  "We  found  that  the  flange,  or 
Tignoles,  rail  was  troublesome  and  expensive  to  maintain  and  keep  in 
order  on  a  line  where  the  gradients  are  steep,  curves  sharp,  and  on  which 
tank  engines  weighing,  loaded,  nearly  50  tons,  are  employed."  A  pecul- 
iarity of  the  flange-rail  track  of  this  road  is  that  the  rails  are  Supported 
in  heavy  cast-iron  chairs  having  one  jaw.  (Piute  LXIY).  Two  3-inch  fang 
bolts  pass  through  each  chair,  the  nuts  and  washers  being  on  the  under 
aide  of  the  tie  and  the  bolts  being  screwed  up  from  the  top.  The  inside 
bolt  has  a  clip  washer,  which  holds  the  flange  of  the  rail,  the  outside  flange 
ibeing  held  by  the  jaw  of  the  chair.  The  rail  weighs  72  pounds  per  yard 
and  is  4^  inches  high,  with  a  flange  4|  inches  Avide.  The  chairs  have  a 
base  of  about  5^  inches  by  lOi  inches.  The  main  objects  of  the  chair 
are,  of  course,  to  distribute  the  load,  to  prevent  the  rail  from  cutting 
the  tie,  and  to  keep  the  track  from  sjireading  at  curves.  These  are 
^evy  desirable  and  important  points,  but  a  well-designed  shoe  or  sole- 
plate  would  be  probably  as  efficient  and  certainly  cheaper.  On  curves 
«ven,  such  a  form  of  chair  -would  seem  to  be  hardly  necessary,  except 
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in  special  cases  or  under  very  lieavy,  rapid  or  constant  traflfic.  The  joints 
are  si^liced  with  fish-plates  weighing  20  pounds  per  pair,  fastened  with 
four  ^-inch  bolts.  The  flange  rails  are  of  steel,  21  feet  long,  72  pounds 
per  yard,  carried  on  Baltic  timber  creosoted  ties,  10  by  5  inches  by  9 
feet,  spaced  about  2  feet  8  inches,  center  to  center.  The  double-headed, 
rails  are  of  steel,  29  feet  long,  80  pounds  per  yard,  carried  in  cast-iron 
chairs,  which  weigh  38  pounds  each  and  are  fastened  to  the  ties  by  two 
fang  bolts.  The  wooden  keys  are  on  the  inside  of  the  track.  The  ties 
are  spaced  3  feet,  center  to  center,  but  closer  at  joints.  The  ballast  is 
chiefly  furnace  slag.  The  width  at  formation  level  (sub-grade)  is  16 
feet.  The  working  load  on  grades  of  1  in  30  is  70  tons,  for  freight  en- 
gines with  16-inch  cylinders  ;  on  grades  of  1  in  40  to  1  in  50  it  is  about 
100  tons  or  120  tons.  The  switches  on  the  flange-rail  sections  of  the 
track  have  the  stock  rails  cranked  to  let  in  the  tongue  of  the  switch-rail, 
the  flanges  of  the  rails  being  cut  away  to  let  the  heads  come  together. 
The  curves  on  these  sections  of  track  range  from  462  feet  and  528  feet 
to  2  970  feet,  with  a  great  number  of  about  600  and  800  feet.  On  the  sec- 
tions laid  with  double-headed  rails  the  curves  range  from  660  feet  to 
1  980  feet. 

On  the  Severn  Bridge,  which  is  owned  by  this  company,  the  track 
consists  of  bridge  rails  (Plate  LXIY),  24  feet  long,  weighing  68  pounds  ' 
per  yard,  laid  on  longitudinal  sleepers.  The  rails  are  secured  to  the 
sleepers  by  four  fang  bolts  at  the  joints,  two  fang  bolts  at  the  middle 
and  coach-screws  at  intermediate  points.  Sole-plates  are  used  at  the  rail 
joints.  There  is  an  angle  iron  guard  rail,  4i  by  4:^  inches,  fastened  to  the 
sleepers  by  fang  bolts  and  tied  to  the  track  rail  by  iron  sole-plates.  The 
longitudinal  timber's  are  of  creosoted  yellow  pine,  14  by  7  inches,  con- 
nected by  transoms  and  tie  rods  at  intervals  of  11  feet.  (This  track  is 
very  similar  to  Brunei's  original  tyi^e  of  track  for  the  Great  Western 
Bailway,  which  is  still  in  use  on  the  7-foot  gauge  portions  of  that  line.) 

Gkeat  Northern  Railway  (Ireland). 

On  this  line  (Irish  gauge — 5  feet  3  inches),  both  bull-headed  and 
flange  rails  are  used,  the  former  being  considered  the  best  for  sections 
with  heavy  grades  and  sharp  curves.  The  bull-headed  steel  rails  weigh 
75  pounds  per  yard  and  are  supported  in  cast-iron  chairs  weighing  364 
pounds  each,  being  secured  by  wooden  keys,  which  are  driven  on  the 
inside  of  the  track.  The  chairs  are  fastened  to  the  ties  by  three  sjjikes, 
1-inch  diameter.  The  joints  are  spliced  with  deep  bent  fish-plates, 
somewhat  similar  to  those  of  the  Midland  Eailway,  except  that  the  bot- 
tom ends  of  the  plates  do  not  nearly  meet  under  the  rail,  a  space  of  1^ 
inches  intervening.  The  plates  are  of  steel,  18  inches  long  and  are  fast- 
ened by  four  bolts.  The  rail-head  has  a  top  table  of  10  inches  radius, 
semicircular  top  corners  of  ^-inch  radius,  a  vertical  portion  -iVinch 
deep,  and  bottom  corners  of  |-inch  radius.     The  flange  rails  are  of  steel. 
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21  feet  long,  and  weigh  79  pounds  per  yard;  they  are  4f^, -inches  high^ 
with  a  base  of  5  inches,  and  a  head  of  similar  shape  to  that  of  the  bull- 
headed  rails.  At  the  joint  ties  the  rails  are  secured  by  one  |-inch  fang- 
bolt  and  one  jagged  spike,  the  former  passing  through  the  flange  of 
the  rail;  at  the  middle  tie  each  rail  is  fastened  by  two  fang-bolts,  which 
grip  the  flange  by  means  of  clips  or  washers;  these  washers  have  a  sharp 
projecting  rib  at  one  end,  which  cuts  into  the  wood  of  the  tie  when  the 
bolt  is  screwed  up.  The  bolts  have  square  heads  i-inch  deei?,  1-J^  inches 
square  at  the  top  and  1  f «  inches  at  the  bottom.  At  intermediate  ties  each 
rail  is  fastened  by  two  jagged  spikes.  The  joints  are  spliced  with  one 
straight  plate  and  one  Z-plate  (Plate  LXIII),  the  latter  being  on  the 
outside  of  the  track.  The  plates  are  of  steel,  18  inches  long,  and  the 
nuts  of  the  fish-bolts  are  on  the  inside  of  the  track.  Both  forms  of 
rail  are  laid  with  an  inward  inclination  of  1  in  20;  this  being  secured  in 
the  chair  seat  for  the  bull-headed  rails  and  by  adzing  out  a  seat  in  the 
tie  for  the  flange  rails.  When  relaying,  |-incli  is  allowed  for  expansion 
at  rail  joints.  The  switches  are  made  out  of  steel  rails,  planed  down  to 
form  the  switch  rail,  which  slides  on  cast-iron  chairs  firmly  bolted  to 
the  stock  rail.  Cast-steel  reversible  block  crossings  (frogs)  are  used. 
The  joints  are  even  and  suspended.  The  ties  are  rectangular,  10  by  5 
inches,  and  8  feet  11  inches  long;  they  are  spaced  2  feet  4  inches  at 
joints,  2  feet  10  inches  next  to  the  joints,  and  3  feet  intermediate.  They 
are  of  creosoted  Baltic  timber,  and  cost,  when  sawn,  grooved  and  creo- 
soted,  88  cents  each.  This  company  pays  particular  attention  to  its  ties, 
and  has  a  comjilete  plant  for  sawing,  cutting  the  rail  seats,  and  creo- 
soting.     (Plates  LXIII  and  LXIV). 

(For  particulars  of  the  creosoting  plant  and  process,  see  Appendix 
«'B"). 

West  Biding  and  Gbimsbt  Kailwat. 

The  original  track  of  this  line  was  a  good  example  of  a  heavy 
flange-rail  track.  (Plate  LXIV).  It  consisted  of  flange  rails  24  feet 
long,  weighing  83  pounds  per  yard,  carried  on  ties  10  by  5  inches, 
by  8  feet  6  inches,  spaced  1  foot  10  inches  at  joints  and  2  feet  9i  inches 
intermediate.  The  inward  inclination  of  1  in  20  was  given  to  the  rails  by 
cutting  an  inclined  seat  in  the  tie.  which  seems  to  be  an  objectionable 
feature,  tending  to  cause  the  flange  of  the  rail  to  cut  into  the  tie,  though 
this  may  have  been  neutralized  to  some  extent  by  the  wide  base  of  the 
rail,  6  inches.  The  joints  were  suspended  and  were  spliced  by  straight 
fish-plates  15  inches  long,  weighing  24  pounds  per  pair,  with  four  i-inch 
bolts,  the  nuts  of  which  were  on  the  inside  of  the  track;  the  bolts  were 
spaced  4  inches,  center  to  center,  and  weighed  5.2  pounds  per  set  of  four. 
Each  rail  was  fastened  to  the  joint  ties  by  two  }-inch  fang-bolts,  passing 
through  a  j-inch  hole  in  the  flange,  the  fang  nut  being  at  the  under 
side  of  the  tie  and  the  head  of  the  bolt  bearing  on  a  washer  on  the  rail 
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flange.  The  intermediate  fastenings  consisted,  I  believe,  of  spikes  and 
fang- bolts,  all  j^assing  through  the  flange,  a  practice  which  is  costly  and 
objectionable  in  other  ways.  The  road,  however,  was  acquired  by  the 
Great  Northern  Eailway  and  the  track  was  taken  up  and  the  line  relaid 
with  the  Great  Northern  standard  track,  previously  described,  entailing 
what  w<jc.ld  seem  to  have  been  an  enormous  and  unnecessary  expense, 
the  new  track  costing  about  ^8  000  per  mile,  with  rails  at  $25  jjer  ton. 
A  comijarative  estimate  of  the  cost  of  construction  for  this  flange-rail 
track  and  the  old  track  of  the  London  and  North  Western  Eailway, 
with  an  84-pound  double-headed  rail  in  chairs,  shows  §8  641  jjer  mile 
for  the  former,  and  $10476  for  the  latter,  a  difl"erence  of  $1835  per 
mile  in  favor  of  the  flange  rail;  these  prices  are  from  old  estimates  and 
are  not  reliable  for  the  cost  of  modern  track,  but  as  they  are  both  for 
about  the  same  date  they  will  suflice  for  comparison. 

Geeat  Westekn  Kailway. 

On  this  line  there  are  used  bridge  rails,  bull-headed  rails  and  flange 
rails.  The  former  are  on  the  7-foot  gauge  portions  of  the  line,  and  are 
secured  by  screws  and  fang-bolts  to  longitudinal  timbers.  This  gauge, 
rail  and  form  of  track  was  designed  by  Mr.  Brunei,  and  the  riding  over 
this  track  at  express  speed  is  wonderfully  easy  and  steady.  The  rails 
are  quite  light,  68  pounds  j^er  yard,  6^  inches  base,  3  inches  high.  The 
timbers  are  of  creosoted  pine,  15  inches  wide,  74  inches  deep  on  the 
outer  side  and  7  inches  on'  the  inner  side,  thus  giving  the  rails  an  inward 
inclination.  At  intervals  of  11  feet  there  are  transverse  timbers,  about 
6  inches  square,  notched  into  the  longitudinals  and  fastened  to  them  by 
iron  angle-braces  or  knees.  The  clear  distance  between  the  inner  rails 
on  double  track  is  6  feet  4  inches,  and  the  inner  longitudinals  of  each 
track  are  connected  at  intervals  of  about  14  feet  by  cross-pieces  about  6 
inches  square.  A  strip  of  tarred  felt  is  laid  under  the  whole  length  of 
the  rails.  The  broad-gauge  portions  have  now  a  third  rail  for  standard 
gauge,  and  new  lines  are  laid  to  standard  gauge  with  bull-headed  rails 
weighing  86  pounds  per  yard,  carried  in  cast-iron  chairs  weighing  46 
pounds  each.  Double-headed  rails  are  not  used,  as  they  cause  the  trains 
to  ride  roughly  if  reversed,  in  consequence  of  the  indentations  made  by 
the  chairs.  The  joints  are  even  and  susjiended.  Flange  rails  and  chairs 
are  seciired  to  the  ties  by  fang-bolts  yf-inch  in  diameter;  each  chair  has 
two  fang-bolts.  The  wooden  keys  are  placed  on  the  outside  of  the 
track.  The  fish-plates  for  the  bull-headed  rails  are  20  inches  long  and 
'Si  inches  deep,  with  holes  5  inches  center  to  center.  The  holes  are  of 
peculiar  shape,  being  about  three-fourths  of  a  circle  and  then  tapering 
oft"  in  a  triangular  form,  making  a  somewhat  kite-shaped  hole  with  the 
narrow  part  pointing  outward  to  the  end  of  the  plate.  This  narrow 
part  receives  a  projection  on  the  neck  of  the  ii^  inch  bolt,  in  order  to 
prevent  turning;  the  rail-holes  are  circular.   The  fang-nuts  are  3^  inches 
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square.  A  sjiace  of  i-inch  is  left  between  rail  ends  at  joints.  The  ties 
are  of  creosoted  pine,  9  feet  long,  10  inches  by  5  inches;  they  cost  78 
cents  each,  including  creosoting.  They  are  spaced  about  2  feet  Sj  inches. 
The  ballast  used  is  gravel,  cinders,  stone,  slag,  etc.  The  maximum 
grade  on  the  system  is  1  in  30,  and  the  curves  range  from  330  feet  to  two 
miles  radius.  The  bull-headed  rail  is  now  the  standard  for  this  line. 
(Plate  LXIII). 

Gkeat  Southekn  and  Western  Railway  (Ireland). 

On  this  line,  flange  rails,  weighing  74  pounds  per  yard,  are  used,  but 
the  bull-headed  rail  is  considered  the  best  where  traffic  is  heavy.  The 
joints  are  even  and  suspended,  spliced  with  angular  (Z)  fish-plates,  18 
inches  long,  weighing  14.74  pounds  each,  and  having  four  square  holes. 
The  fish  bolts  have  square  necks,  and  weigh  17 i  ounces  each.  Plain 
straight  fish-jilates  are  also  used.  The  rail  holes  are  1  inch  by  Ij  inches, 
oval;  the  middle  ones  are  spaced  6  inches  and  the  outer  ones  4  inches, 
center  to  center.  The  rails  are  30  feet  long,  and  are  carried  on  eleven 
ties  of  Baltic  redwood,  9  feet  long  by  10  inches  by  5  inches,  creosoted 
with  an  average  of  3.39  gallons  of  oil  each.  The  life  of  the  ties  averages 
fifteen  to  twenty  years.  The  ballast  is  of  gravel,  2  feet  deep  from  the 
top  of  the  rail,  and  covers  the  ties.  The  gauge  is  5  feet  3  inches;  6  feet 
between  tracks;  width  at  sub-grade  28  feet  in  cutting  and  32  feet  in 
bank.  The  sharpest  curve  is  1,000  feet  radius,  and  the  steepest  grade  1 
in  60.     (Plate  LXIV). 

Midland  Great  Western  Railway  (Ireland). 

This  line  is  laid  with  flange  rails  weighing  79  jjouuds  per  yard,  the 
specifications  and  tests  for  which  have  been  already  given.  The  joints 
are  spliced  withL  fish-plates,  weighing  14  pounds,  having  a  narrow  hori- 
zontal flange  at  the  bottom.  The  ties  are  preferred  spaced  3  feet  6  inches, 
center  to  center,  this  being  considered  better  than  3  feet;  at  joints  they 
are  sj)aced  2  feet.  The  rail  is  of  unsightly  appearance,  and  has  an  un- 
necessary amount  of  metal  at  the  base  of  the  web.  The  joints  are  even 
and  suspended.  At  the  joint  and  middle  ties  the  rails  rest  on  sole-plates 
8i  inches  by  6  inches;  the  channel  part  for  the  rail  is  5i\;  inches  wide, 
this  part  is  ^-inch  thick,  while  the  sides  are  J-inch  thick;  in  each  side  is 
a  Ig-inch  hole  for  the  fang-bolt.  The  head  of  the  bolt  has  a  washer 
which  grips  the  rail  flange,  and  the  nuts  of  the  two  bolts  in  each  tie  are 
held  in  a  single  "  channel  washer,"  on  the  underside  of  the  tie.  (Plate 
LXIII).  This  washer  is  10i>  inches  long,  3  inches  wide,  channel  2^ 
inches  wide;  it, is  i-inch  thick,  with  flanges  i-inch  deep;  the  holes  are 
li-inch  by  Ij-inch.  The  ballast  consists  of  mixed  gravel  and  coal  ash 
for  bogs.  The  steepest  grade  is  1  in  65;  maximum  grade  for  new  lines, 
1  in  100.     The  sharpest  curve  on  the  line  is  J-inile  radius;  the  sharpest 
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in  yards  is  |^-mile.  The  heaviest  tank  engine  is  44  tons,  with  15  tons  on 
driving  wheels;  the  heaviest  ordinary  engine  is  57 i  tons,  with  tender 
weighing  13  tons.  The  switches  and  frogs  are  made  of  steel  rails,  and 
the  quantities  of  material  are  as  follows: 

Switch. 

■  No.  2.  Rails,  26  feet  6  inches  long, 
"   2.      "       13    "    3       "         " 
"12.  Wrought-iron  slide  chairs. 
"   2.  Cast-iron  heel  blocks. 
"  2.  Connecting  rods. 
"   1.  Pulling  rod  and  pins  (turned). 
"12.  Slide  chair,  ^-inch  bolts  and  nuts. 
"   8.  l^-inch  heel  bolts. 
"24.  J     "     fang-bolts. 
"36.  f     "     rivets. 
"   2.  Fish-plates. 
(All  to  receive  one  coat  of  red  lead. ) 

Frog. 
No.  2.     Point  rails,  9  feet  9  inches  long. 
1.     Wing  rail,  16  feet  long. 
1.     Wing  rail,  11  feet  6  inches  long. 
5.     Crossing  plates. 
9.     Cast-iron  chogs. 
8.     Crossing  body  bolts,  f'l  nch. 
10.     Wrought-iron  clips  (planed  and  drilled). 
10.     Fang-bolts,  9  by  l-i\  inches. 
34.     I -inch  rivets. 
(All  to  receive  one  coat  of  red  lead. ) 

Isle  of  Wight  Eailwat. 

On  this  line  double-headed  steel  rails  are  used,  weighing  75  and  78 
pounds  per  yard,  the  latter  being  now  adojated  as  standard;  the  head  is 
2f  inches  wide  and  the  web  f-inch  thick.  Although  reversible,  the  rails 
are  not  turned  over,  experience  showing  that  they  are  rough  to  travel 
over  and  more  liable  to  break.  With  the  light  traffic  on  this  line  the  78- 
pound  rails  will  last  from  fifteen  to  twenty  years,  according  to  their 
position  in  the  track.  The  rails  are  24  feet  long.  The  chairs  are  of 
cast-iron,  weighing  35i  pounds  each,  and  are  fastened  to  the  ties  by  two 
hollow  trenails,  an  iron  spike  being  driven  into  the  trenail  when  the 
latter  is  in  place.  The  joints  are  suspended  and  are  spliced  by  straight 
steel  fish-plates,  18  inches  long,  3  inches  deep,  f-inch  thick  in  the  web, 
and  thicker  at  top  and  bottom;  they  weigh  about  23  poiinds  per  pair; 
the  fish-bolts  are  |-inch  in  diameter  and  weigh  1.28  pounds  each. 
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normal  temperature  (60  degrees)  a  space  of  ^incll  is  left  for  expansion  at 
the  joints.     The  old  70-poand  flange  rails  were  fastened  to  the  ties  by 
l-ineh  fang-bolts,   one  inside  and  one  outside,   alternately,  Avith  large 
triangular  fang  nuts  under  the  tie.     The  ties  are  of  Baltic  timber,  9  feet 
by  10  by  5  inches,  spaced  2  feet  4  inches  at  joints  and  2  feet  8^  inches 
intermediate,  nine  ties  to  a  rail.     They  are  creosoted  with  7  pounds  of 
fluid  per  cubic  foot  of  timber  and  cost  84  cents  each.     Their  average  life 
is  fifteen  years  in  the  main  line  and  a  few  years  more  in  side  tracks. 
The  ballast  is  of  chalk  and  gravel,  obtained  on  the  island,  laid  12  to  18 
inches  deep  and  12  feet  wide.     The  switches  and  crossings  are  made  of 
steel  rails;  the  switch  rails  are  12  feet  long,  well  cut  away  at  the  points 
so  as  to  be  housed  under  the  head  of  the  stock  rail  for  about  6  inches. 
The  steepest  grade  is  1  in  70  for  about  two  miles;   there  are  numer- 
ous curves,   a  few  of   792  feet   radius.     The  traffic  is  principally  pas- 
senger, and  there  are  twelve  to  fourteen  passenger  trains  each  way  per 
day  and  one  freight  train  each  way.     Tank  engines  are  used,  with  side 
tanks;  the  passenger  engines  weigh  25  tons,  freight  engines  28  tons;  th.- 
driving  and  trailing  wheels  are  5  feet  diameter   (coupled),  and  the  lead- 
ing wheels  3  feet  6  inches  diameter;  the  weight  on  the  driving  wheels  is 
12''to  13  tons.     Mr.  Conner,  the  former  engineer,  says  he  considers  the 
road  described  "a  good  reliable  track  for  the  traffic,  and  over  twenty 
years  of  experience  has  shown  the  superiority  of  double-headed  rails 
with  chairs,  over  flange  or  Vignoles  rails,  it  being  a  firmer  and  stronger 
road,  cheaper  to  maintain  and  easier  to  repair." 

Great  Nobth  of  Scotl.\nd  Railway— Spkyside  Division. 

The  Speyside  Railway  is  a  single  line,  which  was  constructed  in  1863. 
The  track  consists  of  iron  rails,  21  feet  long,  weighing  65  pounds  per 
yard  supported  in  cast-iron  chairs  weighing  20  pounds  each,  and  ]Oiut 
chairs  weighing  25  pounds  each.  The  rails  are  secured  m  the  chairs  by 
keys  which  are  placed  on  the  outside  of  the  track;  the  keys  in  the 
ordinary  chairs  are  of  wood,  those  in  the  joint  chairs  are  iron  cotters. 
The  joints  are  insistent,  the  rail  ends  resting  in  a  joint  chair;  fash-plate.s 
are  used  Each  chair  is  fastened  to  the  tie  by  two  spikes.  The  ties  are 
of  Seotch  fir,  placed  3  feet  apart.     The  ballast  consists  of  broken  stone 

and  gravel.  ,         .    ,  •  i       .n 

The  main  line  of  the  Great  North  of  Scotland  Railway  is  laid  with 
double-headed  steel  rails,  weighing  72  and  80  pounds  per  yard,  but  I  men- 
tion this  division  as  a  specimen  of  a  light  track  with  double-he.uled  rails. 
The  description  of  the  track  is  taken  from  a  recent  report  by  Major-Lren- 
eral  Hutchinson,  of  the  Board  of  Trade,  upon  a  slight  accident  which 
occurred  to  a  mixed  train.  The  accident  was  a  derailment  ot  the 
en-ine,  caused  by  the  breaking  of  a  spring  on  the  tender;  the  accident 
is  attributed  to  a  defective  spring,  but   the  report  states  that  '  ^ei^ 
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probably  the  fracture  of  this  spring  would  not  have  caused  an  accident 
if  the  engine  had  been  running  upon  a  better  and  stronger  road."  The 
road  was  not  in  good  condition  at  the  time.  It  is  to  be  presumed  that 
the  track  on  this  division  will  sooner  or  later  be  replaced  with  the 
standard  track,  l)ut  with  a  75-pound  steel  flange  rail,  secured  by  bolts  to 
the  ties,  and  with  a  well-constructed  track,  the  line  would  probably  be 
of  ami^le  s  rength  for  the  traiiie,  costing  less  for  material  and  no  more 
for  maintenance.  At  the  time  when  a  65-pound  rail  was  sufficient,  the 
cast-iron  for  chairs  was  so  much  unnecessary  metal  in  which  money  was 
sunk  for  no  useful  purpose  and  giving  no  return  in  efficiency. 


The  illustrations  accompanying  this  paper  are : 


Plate 


LX. 
LXI. 
LXII. 
LXIII. 


LXIV 


LXV. 
LXVI. 


Permanent  Way,  North  Eastern  Kailway. 

Permanent  Way,  Lancashire  and  Yorkshire  Railway. 

Permanent  Way,  Midland  Eailway. 

Nine-rail  Sections;  Rail  Joint  of  Great  Northern  Rail- 
way; Rail  Joint  of  Midland  Great  Western  Railway 
of  Ireland;  Crossing  of  Great  Eastern  Railway. 

Permanent  Way  of  Great  Northern  Railway  of  Ireland; 
of  Severn  and  Wye  and  Severn  Bridge  Railway;  of 
Great  Soiithern  and  Western  Railway  of  Ireland;  of 
West  Riding  and  Grimsby  Railway. 

Switch  of  Great  Eastern  Railway. 

Sections  of  Switch  Rails.  Sections  of  Timber  Cross  Ties 
of  Midland  Great  Western  Railway  of  Ireland. 
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APPENDIX    "A." 

[Estimates  of  Cost.] 

1. — Gbeat  Nor1?hern  Eailway — Estimate   of  Cost   op   One  Mile   of 
Single  Track.     Prices  of  1885. 

Rails 129      tons  at  $25  00  $3  225  00 

Chairs 77        "  "  17  50  1347  50 

Plates 3.3     "  "  37  50  123  75 

Bolts A¥o     "  "  60  00  56  28 

Spikes 3.77"  "  45  00  169  65 

Ties No.  2  112  "  87^  1848  00 

Keys "    4  224  "  22.50  95  04 

Trenails "    4  224  "  17  50  73  92 

Labor 1760  "  25  440  00 

m  379  14 
Contingencies,  10  per  cent 737  91 

$8  117  05 

Note. — This   does  not  include   ballast;   single   line  =  4  777 

cubic  yards  at  63J  cents $3  033  39 

2. — North  Eastern   Railway — Estimate  of    Cost   of    One   Mile   of 
Single  Track.     Prices  of  1887. 

Rails 129  tons  at  $22  50  $2  902  50 

Chairs 69      "  "      12  50  862  50 

Spikes* No.  11  616  "      18  75  217  80 

Fish-bolts  and  nuts "      1408  "      26  25  36  96 

Eish-plates "         704  "            15  105  60 

Wood  keys  and  cushions.    "7  744  "12  50  58  08 

Ties,  creosoted "      1936  "            70  1355  20 

Labor  of  laving 1  760  yards  "            12i  220  00 

Ballast,  t     13     feet    wide     18 

inches  deep 3  588  cubic  yds.  "            11  394  68 

Total S6  153  32 


*  Say  3  in  each  chair;  but  only  two  are  often  used. 

t  Coke  ballast  is  obtained  from  the  collieries  in  the  immediate  vii-iuity  of  the  line,  and 
is  supplied  and  loaded  up  free  by  the  colliery  owners,  as  they  are  glad  to  get  rid  of  it;  H 
cents  per  cubic  yard  is  .in  average  charge  intended  to  cover  carriage,  tipping  and  spreading. 
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3. — Lancashiee  and  Yoekshire  Kail  way — Estimate  of  Cost  of  One 
Mile  of  Single  Track.      Prices  of  1887. 

Rails 3  520  yards 135.1  tons,  at  ^22  50         $3  039  75 

Chairs 3  872  No 96.8     " 

Fish-plates 352    "  2.2     " 

Fish-bolts 704    " 6     " 

Spikes 7  754    "  3.9     " 

Ties 1  936    "  

Trenails 1  744    "   

Keys 3  872    "  

Laying  1  760  yards 


15  00 

1  452  00 

27  50 

60  50 

80  00 

48  00 

32  50 

126  75 

75 

1  452  00 

17  50 

135  52 

19  50 

75  50 

25 

440  00 

Total $6  830  02 


A  later  estimate,  the  prices  of  which  ai*e  a  little  lower  than  the  fore- 
going, gives  the  following  details  of  prices  per  rail  length,  or  10  linear 
yards : 
Material. 

11  Ties $5  92 

22  Chairs 7  79 

44  Spikes 32 

44  Trenails 21 

20  yards  of  rails 16  08 

22  Keys 44 

4  Fish-plates 63 

8  Bolts 40 

5  cubic  yards  toji  ballast  for  boxing  up 90 

$32  69 
Labor. 

10  linear  yards  laying $1  70 

2  tons  carriage 96 

4  hours  trucking  and  unloading 52 

$3  18 

$35  87 

Or  $3.58  per  linear  yard. 

The  weight  of  the  track  in  pounds  is  as  follows: 

For  10  yards.    For  1  yard. 

(  Eails,    1  760,  ) 

Steel.  <  Plates,       56,  V 1  828        182 .80 

( Bolts,         12,  j 

Wrought  iron 49^  4 . 95 

Cast-iron 1232         123.20 

(  Ties,         1  738  ) 

Wood.  ^  Trenails,       11  V 1760        176.00 

(Keys,  11) 

4  869*      486.95 
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APPENDIX  "B." 

[Treatment  of  Railway  Ties.] 

(1.) — Lancashire  and  Yorkshire  Eailwat. 

The  ties,  after  being  well  seasoned,  are  passed  tlirough  a  combined 
adzing  and  boring  machine,  which  first  cuts  out  a  seat,  about  re -inch 
deep,  for  the  chairs,  in  order  to  give  them  a  uniform  bearing,  and  then 
simultaneously  bores  the  eight  holes  required  for  chair  fastenings  in 
each  tie.     The  machine  will  seat  and  bore  about  100  ties  per  hour. 

The  ties  are  then  placed  on  small  iron  trucks  and  drawn  on  a  tram- 
way of  3-foot  gauge  into  the  cylinder,  which  contains  eight  trucks  with 
47  ties  each,  or  376  ties  in  all.  The  cylinder  is  77  feet  long,  6  feet  in- 
ternal diameter,  built  of  i-inch  wrought-irou  plates  and  having  egg- 
shaped  ends.  When  the  full  number  of  ties  has  been  put  in,  the  doors 
or  covers  are  put  on  and  hermetically  fastened  by  means  of  dog-bolts 
and  screws,  and  the  air  exhausted  by  a  steam  ejector.  The  creosote  is 
then  introduced,  heated  to  a  temperature  of  from  100  to  120  degrees 
Fahr. ;  the  air  pump  then  ceases  to  work  and  the  pressure  pump  is  put 
into  operation,  the  full  pressure  of  150  i:)Ounds  per  square  inch  being 
obtained  in  about  ten  minutes;  this  pressure  is  maintained  for  about 
fifty  minutes,  and  is  then  withdrawn.  The  spare  creosote  is  allowed  to 
run  back  into  the  reservoir  under  the  cylinder,  the  cover  is  removed, 
and  after  the  ties  have  been  left  to  drip  for  about  fifty  minutes,  they  are 
taken  out  of  the  cylinder.  About  three  gallons  of  creosote  are  allowed 
for  each  tie,  or  9^  pounds  per  cubic  foot  of  timber.  The  efficiency  of 
the  process  is  ascertained  by  weighing  three  or  four  ties  out  of  every 
charge,  both  before  and  after  the  operation,  the  additional  weight  show- 
ing the  quantity  absorbed,  which  averages  about  30  pounds  jier  tie. 

Average  weight  of  tie  before  creosoting 128  pounds. 

Gain  in  weight  during  process 30       " 

Average  weight  of  creosoted  tie 158       " 

The  Avhole  operation  for  one  charge  of  ties  occupies  about  one  hun- 
dred and  thirty-two  minutes,  as  follows,  but  varies  slightly,  however, 
according  to  the  moisture  in  the  timber: 

Ejection  vacuum 13  minutes. 

Pumping  commenced  and  tank  filled 9         " 

Full  pressure  obtained  in 10         " 

' '  maintained  for 50         " 

Spare  creosote  allowed  to  drip  from  ties 50         " 

Total 132 


i 
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From  the  ereosoting  cylinder  the  timbers  are  run  back  into  the  chair- 
ing shed,  where  the  chairs  are  attached  to  the  ties  by  a  machine  (some- 
what on  the  style  of  a  steam  hammer)  which,  at  one  stroke,  drives  the 
four  fastenings  for  each  chair.  This  machine  will  "chair"  about  70 
ties  per  hoixr. 

The  time  occupied  in  seating,  boring,  ereosoting  and  chairing  376 
ties  is  as  follows: 

Hours.  Minutes. 

Seating  and  boring 3  40 

Running  trucks  into  cylinder 20 

Creosotiug 2  12 

Withdrawing  charge  from  cylinder 20 

Chairing 5  14 

Total 11  46 

or  1  minute  and  53  seconds  per  tie. 

The  cost  of  the  operations,  not  including  the  value  of  the  machines, 
is  as  follows: 

Loading  white  ties,  per  100 S        36 

Adzing  and  boring,         "       62 

Tanking                             "       64 

Creosote,  300  gallons  at 6 .  75 

Chaiiing  and  spiking,  per  100 2.44 

mo  81 


or  10 .  81  cents  per  tie. 

The  whole  of  the  work  is  done  at  the  company's  store  yards  at 
Castleton  and  Knottiugley,  and  is  let  piece  work  at  the  above  rates. 

(2.) — Geeat  Noktheen  Railway  (Ieeland). 

In  1876,  when  a  number  of  railways  were  amalgamated  to  form  this 
system,  the  new  company  decided  that  all  the  ties  should  be  creosoted, 
and  that  to  insu'e  the  work  being  efficiently  performed,  it  would  erect 
suitable  plant  of  its  own  for  sawing,  grooving  and  ereosoting  tlie  timber 
to  be  used  for  ties.  After  being  sawed,  the  ties  are  taken  to  the  groov- 
ing machine,  which  forms  a  groove  or  seat  for  the  base  of  flange  rails  by 
means  of  cutters  making  2  000  revolutions  per  minute.  Boring  machin- 
ery, with  twisted  augers,  was  used  for  a  short  time,  but  the  adojotion  of 
the  improved  ragged  spike,  which  cuts  its  own  way  without  splitting  the 
tie,  enables  holes  to  be  entirely  dispensed  with,  and  insiires  a  tighter  fit 
of  the  spike.  After  being  grooved  the  ties  are  run  out  into  the  yard  on 
a  tramway  of  30-inch  gauge,  and  stacked  to  a  height  of  14  feet,  alter- 
nate tiers  on  edge  and  on  flat. 
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The  cylinder  is  60  feet  long  (6  tie  lengths),  6  feet  diameter,  bnilt  of 
t-.".ich  plates.  The  safety  valve  is  set  at  110  pounds,  but  seldom  rises; 
it  is,  however,  sometimes  lifted  to  release  air  and  water  when  the  press- 
ure pumi^s  are  working.  There  are  six  tanks,  of  such  a  size  that  a 
vertical  inch  of  the  six  tanks  represents  156  gallons;  a  float  is  connected 
with  a  gauge  and  scales,  which  show  the  gallons  or  pounds  of  creosote 
forced  into  the  cylinder.  There  are  1^-inch  pipes  in  the  cylinder, 
through  which  steam  is  forced  to  heat  the  creosote  to  120  degrees  Fahr. , 
thus  dissolving  the  naphthaline,  etc.,  and  rendering  the  creosote  quite 
fluid.  There  is  an  air  piimp,  6^  by  10  inches,  which  exhausts  the  air 
from  the  cylinder,  and  the  creosote  enters  by  the  atmosjaheric  pressure 
on  the  tanks;  the  partial  vacuum  does  not  extract  the  sap  or  affect  the 
timber.  When  the  cylinder  is  nearly  full,  the  valve  is  closed,  air  pump 
stopped,  and  the  two  force  pumps,  3  by  4  inches,  put  at  work.  Three 
hours  of  steady  pressure  are  required.  The  consumption  of  oil  varies 
from  140  to  180  casks,  of  36  to  38  gallons  each,  per  week;  and  the  quan- 
tity used  annually  is  about  250  000  gallons.  The  average  quantity  of 
creosote  injected  is  2.35  to  2.57  gallons,  or  25  to  27  pounds  jjer  tie. 
About  nine  months  seasoning  is  customary,  but  a  longer  period  is  con- 
sidered desirable  so  as  to  insure  dryness. 

"Little  or  no  creosote  can  be  forced  into  a  thoroughly  wet  sleeper, 
even  at  high  pressures,  and  a  thoroughly  dry  sleeper  will  readily  absorb 
a  large  quantity  of  oil,  which,  when  solidified  by  exposure  to  the  air,  no 
moisture,  either  from  air  or  wet  ground,  will  succeed  in  removing. " 

[The  information  given  above  is  briefly  abstracted  from  a  highly  in- 
teresting paper:  "Description  of  a  Creosoting  Yard  for  Railway  Pur- 
poses," by  Mr.  W.  Greenhill,  M.  I.  C.  E.  I.,  an  engineer  of  this  railway, 
read  before  the  Institution  of  Civil  Engineers  of  Ireland,  in  May,  1886. 
The  paper  contains  very  full  particulars,  in  detail,  of  the  plant  and  proc- 
ess, results  of  tests,  cost,  etc.,  and  is  especially  interesting  in  that  it 
describes  work  done  by  a  railway  company  in  treating  timber  for  itfe 
■own  use.] 
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MAINTENANCE— EXPENSES    OF    TRACK    ON 
WOODEN  AND  METAL  TIES. 


By  J.  W.  Post,  Permanent  Way  Engineer  Netherland  State  Eail- 

KOAD  Company. 
Read  at  the  Annual  Convention,  July  2d,  1888. 


WITH  DISCUSSION. 


Though  the  track  of  European  railroads  shows  in  material,  construc- 
tion and  maintenance  a  great  difference  from  the  track  on  American 
lines,  the  following  data  concerning  the  use  of  steel  cross-ties,  gathered 
methodically  since  1865  on  the  lines  worked  in  Holland,  Belgium  and 
■Germany  by  the  Netherland  State  Railroad  Company,  may  be  of  some 
interest  to  American  railroad  engineers. 

The  first  trial  of  metal  ties  on  the  Netherland  State  Railroad  dates 
from  1865,  in  which  year  10  000  Cosijns  ties  were  laid.  In  1880  these 
ties,  of  a  system  now  considered  poor,  had  given  satisfactory  results  as 
to  the  metal  part  during  their  fifteen  years  of  service,  but  the  oak 
blocks  had  to  be  frequently  renewed.  Moreover,  the  following  consider- 
ations induced  the  company  to  search  for  a  good  metal  tie: 

First.— It  was  feared  that  prices  of  timber  would  gradually  rise, 
owing  to  the  increasing  devastation  of  forests. 

Seco7id.—Even  with  the  wood  deemed  best  for  ties,  viz. :  oak,  it  was 
difficult  to  secure  satisfactory  results;  some  lots  of  oak  ties,  severely  in- 
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spected,  appeared  first-rate  when  new,  but  had  to  be  renewed  after  only 
one  year  of  service.  The  time  of  felling  seems  to  be  of  great  imi3ortance, 
and  cannot  be  determined  at  the  moment  of  purchase  even  by  the  sever- 
est inspection. 

Third. — Even  the  best  methods  of  imjaregnating  proved  unreliable; 
of  ties  coming  from  the  same  boiler  some  were  quite  satiirated,  others 
only  on  the  surface;  some  lasted  one  year  only,  others  twenty  years. 
Uniformity  in  this  respect  is  desirable  for  the  track. 

Fourth. — No  timber  merchant  guarantees  his  ties;  whereas  steel  ties 
are  generally  guaranteed  for  two  years. 

Fifth. — There  is  a  great  loss  of  interest  during  the  time  timber  ties 
are  piled  in  order  to  dry ;  whereas  metal  ties  are  often  in  the  track  before 
being  paid  for. 

Sixth.  — There  is  a  great  loss  of  timber  ties  by  bursting,  caused  by 
sunshine,  water,  frost,  driving  the  spikes,  etc. 

Seventh. — Timber  ties  being  heavier  than  metal  ties,  the  transjjort  to 
the  place  where  they  are  put  in  the  track  is  more  expensive. 

Eighth. — The  difhculty  and  cost  of  the  resi^iking  and  readzing  of 
timber  ties,  and  of  the  rejjlacing  by  new  ones,  increases  with  the  daily 
number  of  trains.  Ties  of  more  durable  material  are  desirable  also  from 
that  point  of  view. 

Ninth. — The  selling  jirice  of  old  metal  ties  is  considerably  higher 
than  the  jirice  of  old  timber  ties. 

Tenth. — A  calculation*  of  the  total  annual  sum  required  for  purchase, 
laying,  maintaining  and  renewing  tracks  on  timber  and  on  metal  ties 
gave  a  favorable  result  for  the  metal. f 

All  these  considerations  induced  the  company  to  charge  the  writer 
in  1880  to  study,  both  at  home  and  abroad,  the  different  systems  of  metal 
ties  then  in  use,  both  from  the  point  of  view  of  manufacture  and  of 
maintenance,  and  to  jjropose  a  method  of  trial  enabling  the  company  to 
get  the  most  complete  information  possible  on  the  subject. 

This  charge  resulted  in  the  following  different  systems  of  ties  and 
fastenings  being  laid  in  the  track  from  1880  to  1888: 

In  1881 4  133  ties,  type  I. 

"  1882  4  001         "         II. 

"  1883 2  089         "  III. 

"  1883 2  090        "  IV. 

"1884 11680         "  V. 


*  For  methods  of  calculation  see  valuable  report  to  American  Society  of  Civil  Engineers, 
June,  1885,  on  the  "  Preservation  of  Forests." 

t  Many  important  improvements  introduced  since  have  increased  the  advantage  of  metal 
over  timber. 
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And  from  1885  to  1888,  about  126  000  ties,  types  VI,  VII,  VIII  and  IX, 
making  about  150  000  ties  of  ten  different  tyi^es  (including  Cosijns).  Of 
each  of  the  types,  trial  lengths,  imder  different  circumstances  of  grades 
and  curves,  were  put  under  special  observation,  every  hour  of  mainte- 
nance-work and  every  renewed  piece  being  scrupulously  noted.  As  a 
base  of  comparison  1  120  first-rate  new  oak  ties  were  laid  in  the  track, 
the  rails  being  fastened  with  the  ordinary  spikes. 

At  the  same  time  different  systems  of  fastenings  were  tried  on  the 
metal  ties. 

The  Plate  No.  LXVII,  shows  the  principal  features  of  each  of  the  types 
of  ties  and  fastenings  put  under  observation.  By  trying  the  best  im- 
provements in  shape,  material  and  manufacture,  and  by  eliminating 
every  year  the  faults  of  the  preceding  types,  the  writer  gradually  ar- 
rived at  types  VIII  and  IX  of  ties  and  type  C  of  fastenings,  which  types 
having  shown  great  advantage  in  every  respect  over  the  preceding  types, 
have  now  been  adopted  as  standards  for  this  railroad.* 

Types  VI,  VII,  VIII  and  IX  are  in  mild  steel  rolled  to  a  variable 
section,  strengthening  at  rail  seats  and  tilt,  1.20  being  obtained  directly 
by  rolling,  thus  preserving  the  steel  from  damage  at  the  vulnerable  spot 
(rail  seats)  by  bending  or  pressing.  These  ties  weigh  50  to  55  kilo- 
grammes each,  corresponding  to  57  to  63  kilogrammes  per  tie  of  uni- 
form section  BB  (economy  15  per  cent.).  Type  VI,  without  waist,  like 
all  preceding  types,  I  to  V,  had  not  quite  the  same  stability  as  types 
VII,  VIII  and  IX  have;  indeed,  this  reduction  of  breadth  in  the  middle 
causes  the  principal  reaction  of  the  ballast  to  work  at  the  rail  seats, 
eliminating  the  balancing  action  of  the  track  which  takes  place  when 
the  support  is  in  the  middle,  particularly  on  badly  ballasted  roads  or 
with  neglected  packing.  Moreover,  the  increased  height  at  the  center 
gives  greater  rigidity  to  the  tie. 

*  other  railroads  have,  to  their  great  satisfaction,  followed  this  example.  A  total  of  about 
457  300  ties  (aboat  23  800  tons)  of  the  Post-types  VI.  VII,  VIII  and  IX  is  now  in  service  on  dif- 
ferent lines  of  Holland,  Belgium,  France,  Germany,  Switzerland  and  Asia  (colonies).  About 
272  700  more  {about  12  700  tons),  comprisiug  the  narrow  gauge  and  ract  road  ties  for  Sumatra, 
are  ordered  and  being  manufactured  now,  making  a  total  of  about  730  000  ties  (or  36  500  tons). 
See  on  this  subject: 

(a.)  Mr.  Brickas  official  report  to  the  French  Minister  of  Public  Works. 

(6.)  Mr.  Kowalski's  official  report  to  the  Milan  Railroad  Congress,  1887. 

(c  )  Report  of  Vincennes  Exhibition,  1887,  highest  award  to  Netherlands  State  Railroad 
Company  and  to  the  writer. 

{d.)  Annual  Report,  1887,  of  the  French  Society  for  the  Advancement  of  Industry;  silver 
medal  awarded  to  the  writer. 
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Tlie  weclge-waisted  tie  VII  is,  unfortunately,  of  difficult  manufacture, 
and  so  types  VIII  and  IX  are  practically  esteemed  the  best,  and  all 
agree  that  they  give  remarkable  results.  The  ends  are  closed  (Figs.  2 
and  3),  and  grip  projects  downwards  2  inches  into  the  ballast.  The 
tests  i)rescribed  for  inspection  are  very  severe  (see  Figs.  4  and  5).  The 
author  executed  a  series  of  tests  to  establish  whether  annealing  the  ties 
after  punching  the  holes  does  pay  or  not.  Figs.  6  and  7  show  the  re- 
sult; his  conclusion  was,  that  with  mild  steel  annealing  is  not  necessary, 
but  is  desirable  if  it  can  be  done  at  small  expense. 

The  ties  are  tarred  if  they  have  to  remain  a  long  time  beside  the 
track.  The  price,  including  two  years  of  guarantee,  varies  from  22  to 
26  **8«e«  per  ton. 

The  fastenings,  type  C,  show  the  following  imj^rovements,  gradually 
introduced  and  tried  by  the  Avriter.  The  surface  of  nuts  and  clips  is 
roughened  to  facilitate  the  grip  of  the  Verona  nut  lock.  The  nuts  are 
indented  for  this  purpose  (Figs.  8  and  9).  The  clips,  if  rolled  (mild 
steel  annealed),  get  three  fillets  (Fig.  9)  for  the  same  reason;  if  stamped 
(iron  or  mild  steel),  they  are  indented  like  the  nuts  (Fig.  10).  In  both 
cases  the  clip  has  a  large  contact  with  the  surface  of  the  tie  in  order  to 
reduce  the  wear.  For  the  same  reason  the  head  of  the  bolt  (iron  or 
soft  manganese  steel)  is  large  (Fig.  11).  The  bolt  must  not  be  less  than 
^%-inch  diameter.  The  collar  of  the  bolt,  which  is  eccentric,  to  enable 
widening  of  gauge  on  ciirves  by  turning  the  bolt  180  degrees,  fits  tight 
into  the  tie  hole;  this  hole  being  rounded  in  the  corners  to  avoid  cracks, 
the  bolt  collar  is  rounded  accordingly.  The  Verona  nut  locks  (Fig.  12) 
are  of  the  very  best  quality,  severely  tested  as  to  elasticity  and  sharp- 
ness of  points,  and  are  guaranteed.  The  price  of  these  improved 
fastenings  does  not  exceed  24-fr»»e6  per  tie. 

The  statistical  results  as  to  cost  of  maintenance  gathered  to  January 
1st,  1888,  on  twenty-four  trial  lengths,  are  shown  in  the  accompanying 
table.  Columns  1  to  14  give  the  particulars  of  sections,  condition  of 
laying,  types,  etc.,  and  columns  15  to  22  the  expense  of  maintenance 
l^er  day  and  per  kilometer  in  francs. 

The  statistical  data  gathered  to  January  1st,  1887,  and  the  close  and 
scrupulous  observations  of  the  trial  divisions,  allowed  the  company  to 
report  seventeen  conclusions  to  the  Milan  Kailroad  Congress  in  1887. 
The  service  from  January  1st,  1887,  to  January  1st,  1888,  having  fully 
confirmed  the  oi)iuions  of  the  company  on  these  seventeen  points,  the 
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following  conclusions  are  still  applicable  to  the  statistical  data  gathered 
to  January  Ist,  1888,  as  contained  in  the  accompanying  table: 

1.  Trials  11  and  14  are  on  curves  of  350  meters  radius  and  16  milli- 
meters per  meter  grade.  Oak  ties  occuj)ying  this  place  previously  bad 
to  be  respiked  every  year,  causing  great  cost  of  maintenance;  the  rail 
flange  cut  the  spikes  3  to  4  millimeters,  thus  giving  every  year  a  gauge 
widening  of  6  to  8  millimeters.  Several  ties  of  type  III,  on  the  con- 
trary, taken  from  the  track  for  inspection  after  1  553  days  of  service, 
showed  only  a  widening  of  2  millimeters,  the  exterior  bolts,  type  A, 
being  worn  only  1  millimeter  by  the  rail  flange.  The  tie  surface  only 
showed  a  slight  amount  of  corrosion,  and  the  holes  were  not  in  any 
Avay  enlarged  or  ovalized.  Considering  the  unfavorable  conditions  undt-r 
which  these  ties  were,  these  are  very  good  results;  in  no  year  did  the 
expense  amount  to  2  francs  per  day  kilometer,  and  the  average  day 
kilometer  is  only  1.39  and  1.40  francs  (columns  18  to  22). 

2.  Trials  3  and  9  being  on  marshy  ground,  the  result  may  also  be 
considered  as  favorable;  in  no  year  as  much  as  2  francs  per  day  kilo- 
meter, and  average  day  kilometer  francs  0.95  and  francs  0.88  (columns 
15  to  22). 

3.  As  to  consolidation  (about  2  300  days),  the  only  trials  comparable 
to  the  base  trial  No.  1  (oak  ties)  are  trials  2,  3,  4  and  5.  Though  two  of 
these  four  trials  are  under  unfavorable  conditions,  there  is  no  sensible 
difference  between  the  average  day  kilometer  of  trials  2,  3,  4  and  5,  and 
the  day  kilometer  (francs  0.6U5)  of  trial  1,  a  very  favorable  result  indeed, 
considering  the  following  facts: 

(a).  Type  I  is  what  we  now  consider  a  poor  system,  each  of  types 
II  to  IX  being  great  imi^rovements.  Had  one  of  the  more 
perfect  types  been  used  on  these  trials,  still  better  results 
would  have  been  obtained. 

(6).  Respiking  and  readzing  of  the  oak  ties  of  trial  1  had  begun 
in  1886,  and  has  to  be  continued  in  1888  and  following  years, 
increasing  the  cost  of  maintenance  with  the  age  of  the  wood. 

(c).  With  the  trials  on  metal  ties,  on  the  contrary,  there  is  a  ten- 
dency shown  of  a  decrease  of  expense  as  the  permanent 
way  becomes  set. 

{(I).  On  trial  1  only  ten  oak  ties  had  to  be  replaced  by  new  ones 
since  1881;  this  renewing,  however,  will  go  on  increasing 
with  the  age  of  the  wood,  thus  increasing,  aj)art  from  the 
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cost  of  purchase,  the  daily  expense  (work)  of  trial  1.  The 
renewal  of  ties  on  the  other  twenty-three  trials,  on  the  con- 
trary, was  nil  since  1881  (not  one  metal  tie  being  broken), 
and  will  be  nil  for  many  years. 

4.  The  day  kilometer  of  trials  6,  7,  8,  12  and  17  does  not  exceed 
francs  0.88;  those  of  trials  10,  13,  15,  16,  18  and  19  are  below  francs 
0.60,  though  these  eleven  trials  date  only  from  1883  and  1884. 

5.  The  time  of  observation'  for  types  VI,  VIII  and  IX  (trials  20  to 
24),  has  been  too  short  to  form  any  definite  idea  of  the  mean  day  kilo- 
me'er;  meanwhile  everything  tends  to  show  that  these  types  will  give 
even  far  better  results  than  types  I  to  V. 

6.  The  average  expense  for  laying  and  maintaining  the  twenty-three 
trial-lengths,  2  to  24  has  not  been  greater  than  would  have  been  occa- 
sioned by  the  timber  ties  laid  on  the  same  places.  The  supplementary 
expenditure  for  these  trials,  apart  from  the  trouble  of  statistics,  etc., 
is  therefore  nil. 

The  close  observation  of  the  permanent  way  and  of  the  manufacture 
of  ties  and  fastenings  led  the  company  to  the  following  conclusions: 

7.  A  part  of  the  road  near  Liege,  twenty-five  trains  daily,  curve  of  530 
millimeters  radius,  16  millimeters  per  meter  gradient,  after  having 
been  carefully  packed,  was  left  for  forty  months  without  any  other  w'ork 
tLan  occasional  nut-tightening.  This  shows  that  a  good  road,  with  steel 
ties,  once  properly  packed,  requires  no  more  scrupulous  attention  and 
maintenance  than  one  laid  with  timber  ties;  on  the  contrary,  it  would 
have  been  dangerous  to  have  left  a  track  situated  as  this  was,  and  laid 
•with  timber  ties,  for  a  period  of  three  and  a  half  years. 

8.  The  diagrams  of  the  self-registering  gauge-measure  show  that  the 
gauge  is  much  more  regularly  kept  on  metal  ties  than  on  timber  (even 
new  oak)  ties. 

9.  The  position  of  tlie  rail,  which  often  changes  on  timber  ties,  is  not 
-variable  with  the  metal  ties. 

10.  The  lateral  displacement  of  the  track  is  insignificant  with  metal 
tids,  even  on  curves  of  shoi-t  radius,  jjroviding  that  the  tie  is  closed  at 
the  end. 

11.  The  breadth  of  the  ballast  bed  may  be  made  a  little  smaller  Avith 
waisted  metal  ties  (Types  VII,  VIII  and  IX)  than  with  ordinary  metal 
or  timber  ties.  j/tf 

12.  The  respiking  and  readzing  of  trial  necessitated  to  1888  the  re- 
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placing  of  2  bearing  plates  and  1  081  sjDikes  by  new  ones.  The  re- 
newal of  fastenings  on  the  metal  ties  is  insignificant,  especially  with 
Type  a 

13.  Iron  is  not  recommended  for  metal  ties;  mild  steel  is  superior 
to  it  in  every  respect,  viz.,  manufacture,  inspection,  rigidity  and 
durability. 

14.  Alternating  joints  have  given  satisfactory  results,  especially  in 
curves  of  short  radius. 

15.  Susjjended  rail-joints  have  given  the  best  results  on  metal  ties, 
providing  the  angle  splice-bars  be  strong  and  the  distance  between 
joint-ties  small. 

16.  Types  VII,  YIII  and  IX  fulfill  all  conditions  for  properly  im- 
bedding the  tie.  If  the  packing  is  done  properly,  and  does  not  exceed 
li  feet  from  each  side  of  the  rail,  the  track  can  never  become  balanc- 
ing, through  the  ballast  working  towards  the  middle  of  the  tie  and 
leaving  the  ends  unsupported,  for  the  shape  of  the  tie  drives  the  ballast 
towards  the  rail  seats,  both  transversely  and  longitudinally  (see  Fig.  1 
and  section  under  type    C.)     Generally  the  ballast  soon  forms  into  a 

•ij^act  cake,  adhering  to  the  interior  of  the  tie,  thereby  augmenting 
ill  th«i,  base  and  the  mass  of  the  track. 

17.  The  tra..jk    men,  who    generally   abhor    novelties,    have    soon 
irned,  owing  to  practical  instructions,  to  appreciate  th'-  steel  ties  and 

make  an  excejlenfc  track  with  them. 

The  coiiii>ai>y  r'losed  th6se  seveute-^n  couciusions  by  quoting  at  the 

Milan  Congress  the  toiio\viug  st;\tc7nent  from  the  mnual  report  of  Mr. 

Charles  Renson,  Resident  Engineer  ot  the  Liege;  •     n,  which  will 

be  received  with  great  appreciation  on  account  of  the  l^;.  mguished  and 

impartial  manner  in  which  this  engineer  has  organized  the  trials  of  metal 

ties  on  that  section: 

♦'A  single  track  with  ties.  Type  VIII  or  IX,  having  twenty-five 
trains  per  day  with  curves,  gradients,  ballast,  etc.,  as  the  Liege-Hasselt 
section,  can  be,  after  four  years  of  consolidation,  maintained  in  proper 
order  at  the  rate  of  one  hundred  working  days  per  year — kilometer.  A 
gang  of  four  men,  working  two  hundred  and  fifty  days  a  year,  of  w^hich 
fifty  days  are  given  to  other  work,  are  able  to  maii^tain  in  good  condi- 
tion 8  kilometers  of  i:)ermanent  way." 

The  Netherland  State   Railroad  Company,  having   experienced  the 

great  advantage  of  practical  experiments  made  on  trial  sections  of  track, 

has  continued  experiments,  as  follows,  in  order  to  gather  information  on 

other  points. 
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Between  Tilburg  and  Breda,  four  i^arts  of  equal  length  were  laid  in 
1886  on  the  same  track,  to  compare  the  cost  of  maintenance  and  of  re- 
newal between: 

1.  Ordinary  steel  rails  (33  kilograms  per  meter)  on  timber  ties. 

2.  Heavy  steel  rails  (40  kilograms  per  meter)  on  timber  ties  with  two 
Post's  steel,  toothed  bearing-plates  on  every  tie. 

3.  Heavy  steel  rails  (40  kilograms)  on  heavy  Post  steel  ties. 

4.  Ordinary  steel  rails  (33.7  kilograms  per  meter)  on  ordinary  Post 
steel  ties. 

The  time  of  observation  is  yet  too  short  for  any  conclusion. 

Between  Tilburg  and  Breda,  four  jjarts  of  equal  length  are  being 
laid  now  in  the  same  track  to  compare  the  cost  of  maintenance  and  of 
renewal  between: 

1.  Ordinary  steel  rails  on  10  timber  ties,  per  9  meters  of  track. 

2.  "  "  11  "  9  " 

3.  "  "  12  "  9  " 

4.  "  "  12  "  9  " 
— with  alternating  joints. 

Between  Weurne  and  Helmond  the  same  four  cori:' r;  v-e  i<A'>'^ 
lengths  are  being  laid  on  ten,  eleven  and  tr/elve  Post  stc^l  tlea  i>"v  '' 
meters  of  track. 

The  information  gathew^rt  Vy  these  method'  wjU  ho  of 

great  value;  not  only  for  the  Notherland  State  Lailroad  but  for  rail- 
roading generally;  the  best  remedy  for  scanty  net  '^ariiings  being  a 
reduction  of  the  expenses  of  maintenance  and  renewal. 
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Section  of  Line. 


Liege-Tongres  . 
Liege-Tongres.. 

Bilsen-Hassett.. 
Liege-Tongres. . 
Liers-Flamalle.. 
Tongres-Bilsen. 
Bilsen-Hassett . 
'e-Tougres.. 


Hassett-Wychmael . 
Wyclimael-Achel. . . 
Hasselt-Wyclimael.. 

Achel-E'.ndhaven . . . 


From         To 


Kilom.      Kilom. 


15, 620  j 
10.666 

41.093' 
7  946i 
1.831 
25.031 
43.625 
3.TO0I 
12.707  i 
14.002 
13.610' 


14.612 
15.620 
40  170 

7.432 

1.393 
24..'j70 
43.349 

3.640 
12.528 

3.790 


12.52S 

12,315 

(4.412 

4  302 

(4.7  5 

4.748 

8.000 

9.000 

22  238 

21.130 

32.673 

31.940 

8  408 

7.301 

1.562 

1.218 

1218 

0.765 

47.334 

47.793 

47.795 

48.256 

46.868 

47.334 

52  709 

52.032 

57.342.50 

57.425  9 

57.425.93 

57.50910 

3 

4 

oOO 

750 
straii/ht 
straight 
1  000 
1  000 
straight 
straight 

350 

500 

330 


1000 
straight 


2  000 
straight! 

2000 
straight 
2  000 
2  00J 


1.008 
1.046 
0  923 
0.514 
0.438 
0.461 
0.276 
0.150 
O.2VJ 

1.016 


0.117 
1  000 
1.108 
0.733 
1.107 
0.344 
0.453 
0  461 
0.461 
0.466 
0.677 


1120 
1133 

1000 
600 
500 
500 
300 
201 
300 

1328 
250 
200 


Types. 


Fasten'gs. 


Spikes. 


1881 
1881 
1881 
1882 
1882 
1882 
1882 
1883 
1885 


July      1,  '81 


Sept.     1, 
Jany.   1, 


Number  of 
days  iu  serv- 


2  375 
2  37.': 

2  313 

1  826 
1820 
1  826 


April    ],  '8; 


1887  June     1, 

1881  I.June  15, 

1881  Sept.     1, 

1K82  Ijany.    1, 

1883  'Sept.  15, 

1883  j     •• 

1883  March  1, 
1884 

1884  " 


1553 

1005 

214 
•81  i  2  390 
'81  i  2  313 
1  826 
1  5l>9 
1  569 
1401 
1401 
1401 


86  June    1,  '86 


579 


Cost  of  Maintenance  in  francs  per  kilometer 
per  day. 


214 

365    0.6635 

365       1.584 


365 
365 
365 


0.423 
0.829 


0.576 

1.884 
1.214 
1.682 
1.676 
1.687 


0.614 
0.790 
1.077 


0  195 

0.256 
0.489 
0.277 
0.633 
0.861 
1.084 
0.891 

1.647 

1.132 


0.198 
0.326 
0.475 
0.433 
0.246 
0.311 
0  299 
0.551 


0.901 
0.638 
1.160 
1,253 
0.9.53 
1.974 
0.465 
1.792 
1.111 
0,036 


0.156 
0.536 
0.329 
0.438 
0.412 
0.143 
0.372 
0.897 


0.538 

0.383 
1.112 
0.494 
0.118 
0  278 
1,187 
0.264 

0.867 

0.498 

0.078 


0.418 
0  569 
0.503 
0  879 
0.258 
0.329 
0.553 
0.277 

0.144 


From  begin- 


0.842 
1.135 
0.552 
0.573 
0.046 
0.625 
1.660 
0.746 

1.610 

1.000 

0.983 

0 


0.695 
0.583 
0.429 
0.802 
0  651 
0.492 

0.252 


0.605 

0.650 

0  952 
0.801 
0.817 
0.725 
0.881 
1.389 
0.587 

1.392 

0.879 


0 
0.407 
0  632 
0.596 
0  543 
0.313 
0.421 
0.471 
0.654 
0.212 


Remaeks.— These  trial-lengths  are  on  single  track  road.     1st  group,  25  to  29  trains  per  day ;  2d  group.  14  trains  per  day. 
Rails;  38  kilograms  per  meter;  steel  angle  splice  bars.    Ballast— Gravel,  sand  and  cinder. 

Heaviest  engine  on  these  lines  50  tons,  with  13J  tons  on  the  heaviest  axle  I  ,„*-„•,  ,  ,  .    on      ■,  ^         ■. 

other      "    68    ••         "13  9     ■•  '■  •■  ••    [  ^peed  up  to  oO  miles  per  hour  {on  some  parts  60  miles  per  hour.) 

A  day's  maintenance  per  man  costs  2.19  francs;  the  results  of  Cola.  15  to  22  may  be  transformed  into  days  by  dividing  by  2.19. 
The  figures  in  Cols.  15  to  22  give  the  expense  for  work  ol  maintenance,  not  the  expense  for  purchase  of  new  spikes,  bolts,  etc. 
Not  one  of  the  metal  uea  in  this  table,  nor  of  the  124  OUO  steel  ties  in  use  on  other  lines  of  the  Netherland  State  Railroad  Company,  has  broken  in  the  track. 


'  Marshy  ground. 


Section 

of  tie     , 


1,    li-on.     I.ok<]. 


Vaufh<fm 


n    Von      u/i  W<| 


=^ 


lU  Mi  lei  sUel   ;  5okq. 


VauHierin-  LUi^tUrtTviw^ei- 


lY   MiMitjel)  yi  k<^. 


Y      Mild  s*««li  W-fc  If^- 


vi.(*) 


/^P\ 


^       St«n«K.^e 


^K«^e^ 


W    (*) 


Poit 


,^^         ^=?^^ 


TfTT^^^tuTTTT^ 


VbfiabU  Sections 


AA 


8-34'     t/     e.-7o' 


PLATE   LXVII 
TRANS  AM    SOC  CIV  ENGNS 
l^  VOL  XVIII    N?  389. 


B«o^  coU    la•^^;ii^^lnAll^ 


Anrvealed    t;«bent  Un-0lnncal«<i   f.< 

tolct   <.c.-«s_U.«  Iv.tes.  bent  eeU  <»«'■««/ 

M<    kolas. 


L 


Ci-acks  (smoH^ 


E.n^     of   Post- «t««l  ties   Vl.VII.VIII  «n<JIX. 
3 


(•«)'typ«s  VI,  vn,  Vm  and  IX  are  in  Mild  Steel,  rolled  to  vari- 
able section,  strengthening  at  rail  seats  and  tilt  1:20,  obtained  by 
rolling.  Weight  50  to  5.5  kg.  per  tie,  corresponding  to  67*-2  to 
63*4  kg.  per  tie,  of  uniform  section  BB,  economy  [15%) 
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DISCUSSION. 

E.  E.  KussELii  Tkatmax,  Jun.  Am.  Soc.  C.  E. — Having  received 
from  Mr.  J.  W.  Post,  onlv  a  few  days  before  the  Convention,  the  paper 
on  "Maintenance  Expenses  of  Track  with  Steel  and  Wooden  Ties,  on 
the  Netherland  State  Eailroad,"  which  I  have  transmitted  to  the  Society 
by  request  of  Mr.  Post,  I  had  not  time  to  give  as  much  attention  as  I 
would  like  to  have  done  to  this  discussion. 

The  subject  of  metal  railroad  ties  is  one  in  which  I  take  very  much 
interest,  and  for  some  time  past  I  have  been  engaged  in  making  exten- 
sive investigations  and  collecting  information  with  regard  to  iJractice 
and  experience  in  foreign  countries.  In  making  my  investigations  I 
have  been  surprised  at  the  great  extent  to  which  metal  ties  have  been 
actually  adopted  for  service,  for  while  I  knew  that  experiments  had 
been  made  in  many  countries,  in  some  cases  on  a  quite  extensive  scale, 
I  had  no  idea  that,  as  a  result  of  some  of  these  experiments,  many  rail- 
roads had  practically  adoj^ted  these  ties  for  regular  use;  this,  however, 
I  found  to  be  the  case,  and  several  European  railroad  companies  are 
now  gradually  substituting  metal  for  wooden  ties  on  their  systems.  I 
think  few  engineers  who  have  not  jaaid  especial  attention  to  this  matter, 
realize  that  metal  ties  are  in  actual  service,  the  general  impression  seem- 
ing to  be  that  while  many  experiments  have  been  made  and  are  still 
being  continued,  yet  that  no  practical  results  have  been  obtained.  To 
this  lack  of  appreciation  of  the  results  of  foreign  experience,  may  be 
attributed  to  a  considerable  degree,  I  think,  the  general  indifference  of 
American  engineers  to  the  question  of  metal  track.  The  fact  that  the 
question  of  the  future  timber  supply  is  one  of  serious  imxjort,  does  not 
seem  to  be  realized,  although  the  reports  of  the  Forestry  Division  of  the 
United  States  Department  of  Agriculture  show  that  use  and  waste  are 
playing  havoc  with  a  supply  that  cannot,  under  the  j)resent  system  (or 
want  of  system)  of  forestry  in  this  country,  be  renewed  in  j)roportion  to 
the  demand.  It  has  always  seemed  to  me  suri3risiug  that  American  en- 
gineers, who  are  usually  in  the  van  of  any  great  step  in  the  profession, 
should  have  paid  so  little  attention  to  this  very  important  matter;  im- 
portant both  as  to  the  financial  economy  and  the  practical  efficiency  of 
the  track.  In  my  opinion  steel  ties  should  be  used  as  the  standard  for 
first-class  track,  and  not  merely  as  a  substitute  for  timber,  w'hen  the 
latter  becomes  scarce  or  expensive.  For  instance,  on  such  a  road  as  the 
projected  New  York  and  Boston  Rapid  Transit  line,  which  is  intended 
to  be  an  independent  line,  and  which  will  probably,  when  it  materializes, 
start  out  with  a  heavy  and  rapid  traffic,  steel  ties  should  be  laid  down  in 
the  first  place.  The  same  holds  good  for  existing  trunk  lines,  on  which 
steel  ties  should  be  introduced,  as  an  advancement  in  railroad  engineer- 
ing and  a  step  towards  economy. 
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Taken  as  a  whole,  the  results  of  experience  have  been  satisfactory, 
and  the  type  which  has  been  found' to  be  the  best  is  the  cross-tie  of  the 
familiar  reversed  trough  section.  Cast-iron  "bowl"  sleepers  are  much 
used  iu  new  countries,  and  longitudinal  iron  sleepers  are  still  used  to 
some  extent  in  Austria  and  Germany,  biit  the  cross-tie  of  trough  section 
is  the  best  type,  as  has  been  proved  by  experience  and  careful  tests.  In 
consequence,  this  form  of  tie  is  being  more  and  more  widely  adopted, 
numerous  variations  of  section  and  various  styles  of  rail  fastenings  being 
used,  in  accordance  with  the  ideas  of  different  engineers.  In  England, 
several  railroads  are  using  steel  cross-ties  to  a  greater  or  less  extent,  but 
in  consequence  of  the  engineers  keeping  to  the  double-headed  rail  in 
chairs  the  track  is  very  complicated  and  expensive,  representing  money 
wasted- and  lying  idle  in  much  useless  metal,  whereas  with  a  good  flange 
rail  a  metal  track  might  be  obtained  more  economical  and  more  efficient 
than  the  present  style  of  rails  and  chairs  on  wooden  sleei^ers.  Experi- 
ence has  shown  that  the  ends  should  be  closed,  but  in  quite  a  number 
of  cases  opeu-end  ties  are  used.  With  oj^en  ends,  of  course,  the  ties 
are  more  liable  to  lateral  displacement,  as  they  do  not  present  the  area 
of  resistance  presented  by  a  wooden  tie  or  a  closed  end. 

As  will  be  seen  by  Mr.  Post's  paper,  the  Netherland  State  Kailroad 
Company  has  made  a  systematic  series  of  trials  of  different  types  of 
metal  ties,  and  the  very  valuable  and  important  result  of  these  trials  has 
been  the  designing  of  the  mild  steel  rolled  tie  of  trough  section,  with 
varying  thickness,  now  well  known  as  the  "Post"  tie,  which  has  been 
adopted  to  a  very  considerable  extent  on  European  lines.  Mr.  Post  has 
been  fortunate  in  having  charge  of  a  road  owned  by  a  progressive  and 
far-seeing  corporation,  which  has  grasped  the  economic  purposes  of 
metal  track,  and  encouraged  its  engineer  in  his  work  of  investigation. 
The  comparisons  of  the  different  systems  were  gone  into  most  thoroughly, 
account  being  taken  of  the  amount  of  labor,  time  and  expense  involved 
in  maintenance,  renewals  and  repairs,  and  therefore  Mr.  Post  has  been 
able  to  gradually  but  steadily  improve  the  form  of  tie,  until  he  has 
arrived  at  the  present  form,  which  is  correct  in  theory  and  successful  in 
l^ractice;  it  is  easily  manufactured,  and  has  proved  in  service  its  advan- 
tages in  point  of  economy  and  efficiency.  The  trouble  experienced  with 
early  forms  of  ties  was  that  they  failed  by  cracking,  generally  between 
the  holes  for  rail  attachments,  and  if  made  thick  enough  to  prevent 
cracking  they  were  too  heavy  and  expensive.  AVith  the  "  Post "  the 
thickness  is  increased  at  the  rail  seat,  giving  ample  strength  where  re- 
quired, but  without  any  undue  excess  of  weight.  This  strengthening  is 
secured  in  the  operation  of  rolling  by  the  use  of  special  machinery,  and 
in  the  same  operation  is  secured  the  inclination  of  the  ends  which  gives 
the  rails  an  inward  cant  of  one  in  twenty,  in  accordance  with  European 
practice.  Many  European  steel  works  have  orders  on  hand  for  "  Post" 
ties. 
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The  questiou  of  rail  fastenings  is  one  almost  as  important  as  that  of 
the  type  of  tie,  and  many  different  plans  have  been  tried,  some  simple, 
bnt  the  majority  very  complicated.  All  riveting  causes  an  extra  expense, 
but  a  very  favorite  plan  is  to  have  a  "clamp  "  or  " crab  "  riveted  to  the 
tie  to  hold  one  side  of  the  rail  flange,  the  other  side  being  held  by  a 
bolted  clamiJ.  Mr.  Post,  realizing  that  all  extra  shop  work  is  neces- 
sarily expensive,  has  adopted  bolts  exchisively,  with  entirely  satisfactory 
results.  It  will  he  noted  that  the  first  type  of  metal  tie  experimented 
with  had  wooden  blocks  for  the  rails  to  rest  upon,  the  idea  being  that 
the  rail  required  an  elastic  seat.  This  seriously  imj^aired  the  general 
efficiency  of  the  tie,  for  the  wood  rotted  and  gave  constant  troulile,  so 
that  this  form  of  tie  was  soon  abandoned.  It  has  been  conclusively 
proved  by  experience  with  various  types  of  ties  in  different  countries, 
that  such  a  wood-bearing  is  not  only  unnecessary,  but  a  positive  disad- 
vantage, and  that  the  track  is  satisfactory  to  railroad  men  and  travelers 
when  the  rail  is  fastened  directly  on  the  metal  tie,  and  therefore  no  wood 
should  be  used  at  all,  but  a  metal  track  should  be  entirely  of  metal. 
The  introduction  of  metal  ties  has  been  hampered  by  the  attempt  to 
secure  a  "cheap  "  tie.  The  objects  in  using  metal  are  to  obtain  economy 
in  maintenance  and  efficiency  in  operation,  and  neither  of  these  objects 
can  be  obtained  by  using  a  tie  which  is  "cheap."  Every  desirable 
feature  cannot  be  combined  in  one  jsiece  of  steel,  and  if  the  tie  is  to  make 
the  track  safer,  reduce  the  maintenance  expenses,  keep  the  road  in  better 
condition,  and  far  outlast  the  wooden  tie,  it  must  have  sufficient  metal  to 
insure  these  advantages.  You  need  to  have,  and  to  pay  for,  enough 
metal  to  make  an  efficient  tie;  but  you  need  not  have,  and  need  not  pay 
for  extra  metal  that  is  mere  dead  weight.  With  ties,  as  with  rails,  the 
design  and  manufacture  are  equally  as  imi^ortant  i^oints  as  the  weights, 
and  the  rail  fastenings  no  less  important. 

Two  points  need  to  be  considered  in  designing  or  adopting  a  metal 
track,  viz. :  Economy  and  simplicity.  Cheapness  is  very  far  from  being 
economy,  being  in  fact  directly  opposed  to  it.  SimiDlicity  is  necessary, 
both  for  economy  and  efficiency,  as  the  track  which,  while  possessing 
ample  strength,  is  the  most  simple  in  its  construction,  will  give  the  least 
trouble,  and  consequently  involve  the  least  expense  for  maintenance. 
A  good  metal  ti'ack,  once  well  laid,  is  in  itself  a  source  of  economy  in 
maintenance  and  operation,  and  it  is  to  be  hoped  that  this  type  of  track 
will  soon  be  a  feature  of  first-class  American  railroads. 

In  nearly  every  large  country  but  America,  and  in  many  of  the 
smaller  countries,  metal  ties  have  been  experimented  with,  and  I  would 
strongly  urge  that  more  practical  attention  should  be  paid  to  so  im- 
portant a  matter  by  American  engineers,  railroad  men,  and  steel  manu- 
facturers. 
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KEPORT  OF  THE  COMMITTEE  ON  THE  COM- 
PRESSIVE STRENGTH  OF  CEMENTS  AND  THE 
COMPRESSION  OF  MORTARS  AND  SETTLE- 
MENT OF  MASONRY. 


Read  at  the  Annual  Convention  of  1888.* 


Ill  the  report  made  in  July  last,  mention  was  made  of  the  Water- 
town  experiments,!  but  the  results  were  but  partly  given,  and  your 
Committee  propose  at  this  time  to  discuss  them  as  a  whole. 

The  first  tests  to  be  notic-ed  are  compressive  tests  of  three  kinds  of 
bricks,  viz. : 

J'ms^.— Hard-burned  face  bricks  from  North  Cambridge,  Mass.  The 
average  pressure  at  which  flaking-off  occurred  in  three  specimens  was 
7  100  pounds  per  square  inch. 

The  specimens  crushed  at  an  average  of  13  925  pounds  per  square 
inch. 

Second. — Three  hard-burned  common  bricks  from  the  same  j)lace 


*  Committee— Messrs.  F.  Colling  wood,  D.  J.  Whitteniore,  W.  W.  Maclay,  T.  C.  McCollom, 
George  F.  Swaiu  and  A.  V.  Abbott. 

The  substau'-e  of  this  report  was  given  verbally  by  the  Chairman  at  the  Annual  Meet- 
ing, January,  1888.     It  was  completed,  and  with  the  diagrams  presented  at  the  Convention. 

t  See  "  Report  of  the  Chief  of  Ordnance  for  18«-t,"  Senate  Doc.  No.  35,  First  Session,  49th 
Congress. 
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flaked  at  an  average  pressure  of  8  800  pounds  per  square  inch,  and 
crushed  at  an  average  pressure  of  18  337  pounds  per  square  inch. 

Third. — Three  "Bay  State"  medium  bricks  from  Cambridge  and 
Boston  flaked  at  an  average  of  6  620  pounds,  and  crushed  at  an  average 
of  11  406  pounds  per  square  inch. 

Flaking  occurred  with  many  specimens  at  about  5  000  pounds. 

Passing  to  cement  tests,  we  must  express  our  regret  that  the  tests 
were  not  made  with  more  definiteness  of  plan,  as  it  is  impracticable  to 
institute  comparisons.  Those  on  neat  Dyckerhoff  Portland  cement  are 
quite  full  at  twenty-two  months'  age,  in  the  form  of  neat  cement.  This 
gives  high  results,  but  not  so  valuable  as  if  made  on  mixtures  ordinarily 
used. 

Again,  the  Norton  cement  is  tested  at  forty-six  months,  mixed  1^  and 
3  parts  sand  to  1  cement. 

The  Newark  and  Rosendale  was  tested  at  twenty-seven  months'  age, 
mixed  1  to  3  (but  five  cubes,  so  far  as  this  investigation  is  concerned, 
being  of  use).     It  was  also  tested  slightly  in  concrete. 

The  packings  used  in  testing  were  variable.  Experiments  showed  a 
loss  of  strength  of  about  25  per  cent,  at  rupture,  when  the  specimens 
were  packed  with  wood,  as  compared  with  those  where  brass  strips  or 
plaster  of  Paris  Avere  used;  and  the  latter  gave  the  most  uniform  results 
of  all. 

The  National  Portland  was  quite  fully  tested  in  cubes  forty-six 
months  old,  mixed  1  cement  to  3  sand. 

Six  cubes  of  each  dimension,  from  1  to  12  inches,  of  Dyckerhoff 
Portland  were  tested.  They  were  molded  in  pine  boxes  on  a  blue-stone 
flag,  and  were  tamped  with  a  piece  of  hard  wood  as  a  rammer,  struck  by 
a  four-pound  hammer. 

On  the  contrary,  the  large  cubes  of  the  other  cements  were  rammed 
with  an  iron  rammer  2  feet  long  and  1  inch  diameter,  with  a  conical 
point. 

Table  No.  1  and  the  curves  on  Plate  No.  LXVIII  give  the  average 
results  from  the  Dyckerhoff  Portland  for  the  8  to  12-inch  cubes  (there 
being  five  of  the  8-inch  and  six  of  each  of  the  others),  and  also  for 
three  12-ineh  piers  respectively:  No.  79^,  12  inches;  No.  77^,  18  inches; 
and  No.  78 J,  24  inches  high,  built  each  of  three  prisms. 

By  reference  to  the  individual  tests  it  will  be  seen  that  the  blocks 
gi\dng  the  greatest  strength  at  rupture  do  not  always  give  the  least 
compressions.     The  three  piers  give  about  the  same  strengths.     The  11 
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and  12-incli  cubes  were  packed  witli  plaster,  and  the  other  cubes,  etc., 
with  brass  strips. 

The  6-inch  Portland  cubes,  of  which  curves  are  shown,  were  from  an 
unknown  brand,  and  were  also  packed  with  brass  strips.  The  error 
arising  from  this  causa  is  very  plainly  shown  by  the  curve. 

It  will  be  noted  that  the  11  and  12-inch  cubes  gave  from  one-third  to 
one-half  less  compression  than  the  smaller  ones,  showing  the  siiiseriority 
of  the  plaster  packing.  v 

The  other  cement  and  concrete  tests  Avere  with  plaster  of  Paris  l)eds. 

The  concrete  cubes  of  the  Newark  and  Rosendale  cements  gave  21 
per  cent,  greater  strength  than  the  mortar  cubes  of  the  same  age;  but 
the  tests  of  Rosendale  are  too  few  for  exact  comparison. 

The  cubes  failed  generally,  by  si^litting  off  at  the  sides  (see  figure, 
jjage  202),  the  remaining  portions  forming  two  truncated  pyramids,  the 
smaller  ends  facing,  and  their  bases  formed  by  the  two  bed  surfaces. 
There  was  occasionally  a  tendency  to  develop  pyramids  with  the  apexes 
overlapping. 

Prisms  failed  in  a  similar  manner. 

Before  final  fracture  occurred,  snapping  sounds  were  heard,  and 
cracks  were  exposed  to  view  on  the  sides, of  the  specimens. 

The  average  resistancas  of  different  cubes  and  jsrisms  were  as  follows: 


Cubes. 

Pbisms. 

Nominal  dimensions. 

Average  resistance 

Nominal  dimensions. 

Average  resistance 
per  square  inch. 

per  square  inch. 

Pounds. 

Inches. 

Pounds. 

l-inch  cubes. 

5  895 

4x4x1 

16  460 

2      " 

7  053 

4x4x2 

6  370 

3      " 

5  892 

4x4x3 

6  005 

4      •' 

4  859 

(  Including 

5      " 

i  611 

8x8x2 

9  885  J     broken 
(  specimen. 

6      "          " 

4  272 

8x8x2 

l^^^M'^'sLm^ 

7      " 

4  987 

8      '• 

4  865 

8x8x3 

6  168 

9      " 

4  745 

8x8x4 

5  952 

10      ■• 

4  761 

8x8x5 

6  020 

11      " 

5  381 

8x8x6 

5  771 

12      " 

5  435 

The  2-inch  cubes  were  strongest,  and  the  strength  decreased  to  the 
6-inch,  then  rose  irregularly  to  the  12-iuch.     Two  of  the  latter  were  not 
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fractured  at  800  000  pounds,  above  wliicli  it  was  not  considered  prudent 
to  try  the  machine. 

Of  the  ijrisms,  the  shorter  in  each  case  shows  the  greater  strength. 
Three  12  x  12  x  2-inch  prisms  used  as  a  pier  and  supporting  the  pressure 
through  a  10-ineh  cube  of  freestone  failed  at  6  566  j)ounds  per  sqixare 
inch.  Cracking  sounds  were  heard  at  5  522  pounds.*  A  12  x  12  x  d-inch 
failed  at  4  585  pounds;  a  12  x  12  x  6-inch  at  4  821  pounds,  and  12  x  12  x 
8-inch  at  4  496  pounds. 

Of  mixtures  of  Norton's  cement,  the  author  states  that  cubes  mixed  of 
1  cement  to  IJ^  sand,  gave  81  per  cent,  higher  average  results  than  of  1 
cement"  to  3  sand.  The  average  compressive  strength  for  the  first  was 
1  545  pounds  per  square  inch,  being  2  050  for  4-inch  to  1  250  for  16-inch; 
and  for  the  second  854  pounds,  being  1  324  for  4-iuch  to  768  pounds  for 
16-inch. 

For  concrete  cubes,  made  of  1  part  Norton's  cement,  Ij  sand,  and  6 
broken  stone,  the  average  strength  was  1  545  pounds,  varying  as  before 
from  2  320  to  1  440  for  4  to  16-inch  cubes. 

For  concrete  of  1-3  and  6,  the  average  was  1  021  pounds,  varying 
from  1  635  for  the  smaller  to  843  for  the  16  inches;  the  first  mixture 
being  about  50  i^er  cent,  stronger  than  the  second.  Singularly,  the 
mortar  and  concrete  of  the  first  mixture  give  the  same  strength  while 
the  concrete  is  in  the  second  mixture,  19.6  per  cent,  stronger  than  the 
mortar. 

An  interesting  exjieriment,  as  showing  the  elasticity  of  the  material, 
was  made  with  a  12-inch  cube  of  National  Portland  cement  mixed  1  to  3. 

The  load  was  run  up  gradually  to  800  000  pounds  with  but  slight 
injury,  and  then  released,  the  compression  being  .0530  inches. 

A  second  application  of  same  load  increased  the  compression  13  per 
cent.,  or  to  .0600;  being  again  released,  a  third  application  increased  it 
12  per  cent,  more,  or  to  .0665,  and  after  sustaining  the  load  ten  minutes 
this  had  increased  16  per  cent,  more,  or  to  .0752,  a  total  increase  of  42 
per  cent.  The  permanent  set  was  at  release  .0415,  diminishing  in  six 
minutes  to  .0405.  A  fourth  application  gave  a  compression  of  .0810,  in- 
creasing in  ten  minutes  to  .0930.  On  release  the  set  diminished  at  once 
to  .0550,  and  later  to  .0532,  the  same  as  at  the  first  release.     A  final  ap- 

*The  author  reckons  this  on  the  basis  of  the  area  of  the  freestone  prism.  If  the  area  of 
the  cement  prisms  be  used,  the  figures  would  be  about  two-thirds  as  much.  The  lines  of 
rupture  would  indicate  a  mean  as  the  correct  method. 
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plication  of  tlie  load  gave  a  compressiou  of  .1020  incites,  increasing  in 
two  minutes  to  .1210,  when  tlie  cube  went  to  pieces;  the  whole  experi- 
ment oceupying  one  hour  and  twenty  minutes. 

The  effect  of  adding  lime  to  Portland  cement  mortar  is  in  every  case 
to  diminish  its  strength;  its  action  in  this  respect  is  stated  to  be  "  much 
more  serious  with  Portland  than  with  Bosendale,  weakening  both  to 
such  an  extent  that  practically  there  is  little  difference  in  the  resulting 
mortars,  either  as  regards  strength  or  compressibility." 

The  Rosendale  cement  used  in  the  tests  would  seem  to  have  been 
below  the  usual  standard  of  excellence. 

As  to  brick  tests,  the  crushing  strength  of  single  bricks  is  largely  in 
excess  of  that  of  brick  jDiers. 

Single  bricks  between  rigid  platforms  evidently  occupy  a  more 
favorable  position  for  strength,  than  when  between  other  bricks  or 
mortar  cushions  of  less  strength. 

Failure  occurs  in  detail,  first  by  flaking  of  the  edges  and  corners,  and 
at  last  when  the  final  j)ressure  is  reached  by  a  general  disintegration. 

One  6-inch  cube  of  i^laster  of  Paris  was  tested.  It  acted  much  like 
Portland  cement,  and  gave  a  co-efficient  of  compression  per  100  pounds 
of  .00043  up  to  200  pounds  and  .00028  from  0  to  800  pounds.  Crushing 
occurred  at  1  981  pounds,  with  a  total  compression  on  one  foot  of  .08 
inches. 

With  this  general  statement  of  results  we  pass  next  to  the  question, 
which  is  the  real  one  for  which  we  are  in  search,  viz. :  what  is  the  co- 
efficient of  compression  of  each  material  tested? 

If  we  refer  to  Plate  LXVIII,  showing  the  curves  resulting  from 
pressures  and  corresponding  compressions  of  the  Dyckerhoff  Portland 
cement  mixed  neat,  at  twenty-two  months'  age,  we  find  that  without 
exception  there  is  a  greater  compression  shown  at  the  beginning  thaa 
after  the  pressure  has  reached  about  300  to  400  pounds  per  square  inch. 

We  find  also  that  after  passing  this  pressure  the  curves  are  practi- 
cally straight  and  nearly  parallel  up  to  3  000  pounds  and  over. 

Again,  the  smaller  cubes  show  more  initial  compression  than  the 
larger,  and  the  piers  also  show  more  compression  than  the  large  cubes. 

Now  all  the  cubes  from  8  to  10  inches  inclusive  were  either  without 
packing  or  leveled  with  brass  strips;  and  we  find  such  notes  as  these: 
"brass  strips,  .02  and  .015  inches  thick  under  ojiposite  corners,"  "com- 
pression faces,  .005  inch  convex,"  etc.     The  11  and  12-inch  cubes  were 
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packed  with  plaster  of  Paris  of  total  thickness  .02  to  .06  inches,  and  the 
three  12-iuch  square  piers  each  had  two  joints  in  addition. 

Bearing  in  mind  these  differences,  we  must  conclude  that  in  the  case 
of  the  smaller  cubes  and  the  piers  there  is  a  greater  proportional  loss  of 
motion  before  the  si^ecimens  come  to  full  bearing,  which  introdiices  an 
error  in  the  compression  curve  up  to  300  to  400  pounds'  pressure,  and  a 
constant  error  through  the  whole.* 

Referring  to  the  curves  shown,  we  find  that  the  average  of  the 
twenty-nine  cubes  and  three  prisms  is  practically  straight  from  the  400 
pounds'  point  to  the  3  800  pounds'  point,  and  gives  a  co-efficient  for  the 
whole  of 

.03077  —  .00487" 


(3800  —  400)  X  -Att 


=  .0000635  per  100  pounds  of  load. 


If  we  take  the  curve  for  the  12-inch  cubes  we  get 

Q2983 00*^93 " 

■     "    r2-  =  .0000522  per  100  pounds  of  load. 


(3  000  —  300)  X  i¥o- 

The  8-inch  curve  in  like  manner  gives 
.01920  — .00360 


(2  000  —  300)  X  ^to 


0000764  per  100  pounds  of  load. 


If  we  produce  the  straight  lines  giving  these  average  co-efficients 
back  to  the  line  of  abscissas,  we  find  that  the  line  at  the  12-inch  curve 
cuts  off  .001-inch,  and  that  on  the  average  curve  and  the  8-inch  curve 
about  .002-inch,  and  it  would  seem  that  the  method  just  pursued  gives 
the  nearest  approximation  to  the  truth  obtainable  from  these  tests. 

The  records  show  that  the  upper  points  taken  are  well  within  the 
jjoints  where  failure  begins  to  be  manifest.  In  one  case  only  was  there 
any  cracking  at  as  low  a  pressure  as  1  600  pounds,  the  average  at  which 
snapping  sounds  or  cracking  occurred  being  4  600  pounds  per  inch. 

The  set  in  each  test  was  first  measured  at  700  to  1  500  pounds,  and 
from  this  pressure  up  to  about  two-thirds  of  that  at  rupture,  the  in- 
crease in  set  progressed  nearly  uniformly  with  the  pressure. 

As  a  conclusion  from  all  these  tests  we  may  reasonably  conclude 
that  for  this  brand  of  cement,  mixed  neat  at  twenty-two  months  old 
the  co-efficient  of  compression  in  mass  is  about  0.100005  per  100  pounds, 
since  the  12-inch  cubes  approach  nearest  to  a  continuous  mass. 

*  It  will  be  seen  that  about  .005  of  an  inch  is  the  greatest  error  implied  by  this  supposi- 
tion, a  loss  of  motion  very  easily  realized. 
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"We  come  next  to  the  three  6-inch  cubes  of  Portland  at  fourteen  and 
one-half  months'  age  (see  Plate  LXVIII).  The  same  phenomena  of  an 
almost  absolutely  straight  curve  from  300  to  2  200  i3ouuds  is  noticeable. 
Produced  back  it  strikes  the  line  of  abscissas  at  ,  008-inch.  The 
resulting  co-efficient  is 

.0298  — .0110"  ___g„.         ^..  1      .1      , 

(2  200-300)  XrW  ^  -^^^^^^  P"'  ^^°  P°^^'^'  °^  ^°^'^- 

In  subsequent  results  we  will  substitute  the  letter  c  for  the  con- 
stant ro^i  pounds. 

The  last  experiments  on  neat  cement  are  those  made  by  the  Com- 
mittee, on  cement  cylinders  24|^  inches  long  and  4j  inches  diameter  (see 
Plate  LXVIII  and  Table  No.  2).  These  comprise  two  cylinders  of  neat 
Portland  at  twenty-eight  days'  age,  one  at  six  months,  and  one  pre- 
viously reported  at  one  hundred  and  four  days.  Of  the  first  and  last  of 
these  we  find  the  anomaly,  as  compared  with  all  the  previous  results, 
that  the  compression  is  least  at  the  beginning.  The  same  tendency  is 
shown  in  the  concrete  cylinders.  The  cause  of  this  is  not  apparent,  but 
may  be  determined  by  further  tests.  Taking  the  twenty-eight  day 
tests,  and  averaging  the  curve  between  100  and  700  pounds,  we  get  a 
co-efficient. 

This  three-and-a-half  months'  test  gives  ixs  an  average  from  100  to 
1  000  pounds,  as  follows : 

.0294  —  .0116       ^  .0001648  per  100  pounds. 


(1  000  —  100)  X  c 

This  differs  from  the  result  as  stated  in  iirevious  report  on  this  speci- 
men, since  it  throws  out  the  sharp  initial  compression  up  to  100  pounds. 

The  curve  for  the  six  mouths' test  is  convex  throughout,  but  an  aver- 
age between  400  and  1  680  pounds  gives 

.0200  — .0032"  nnmno^  inn  i 

(T680-400)Xc  =  -^^^l^^*  ''''  ^^°  l^^"'^^^"- 
Arranging  the  results  in  the  order  of  age,  we  have  as  follows : 

At  28  days  (say  one  month)  from  cylinder  test  a  co-efficient  of  .0002472 
3i  months  "  "  "  .0001648 


'  6 

'14^ 

'22 


.0001094 

6-inch  cubes,      "      .0000826 

12    "  "      .0000522 

8    "  "      .0000764 

Av.  of  29  cubes  and  3  piers   .0000635 
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If  the  ages  be  plotted  as  abscissas  and  co-efficients  as  ordiuates,  it  is 
evident  that  the  curve  thus  formed  would  become  parallel  to  the  axis  of 
abscissas  after  a  sufficient  time. 

The  twenty-two  months  cubes  were  from  a  different  brand  of  cement 
from  the  others,  and  the  result  may  be  affected  in  a  measure. 

We  pass  next  to  cubes  of  National  Portland  cement  mixed  one  cement 
to  3  sand,  and  forty-six  months  old  (see  Table  No.  3,  Plate  LXIX). 
Of  these  two  each  were  tested  of  8  X  12  and  16-inch  dimensions,  giving 
co-efficients  as  follows : 

The  average  of  the  8-inch  gives  between  300  and  1  400  pounds  for  12 
inches  length. 

.0163  —  .0062" 


(1  400  —  300)   X  c 


= .0000765 


The  12-incl.  give  ^^'^ ^  ^^''^  ^  =  .0000592 

..    16  ..  .0071 -.0018-     ^,000^31 

(1  200  —   300)  X  c 

The  average  of  all  i,  (^^-T  300rx  o  =  ■°"""'"> 

We  have  next  some  tests  on  National  Portland  cement  concrete,  forty- 
six  months  old,  mixed,  one  cement,  3  sand  and  six  broken  stone  (see 
Table  No.  3,  and  Plate  LXIX).     These  give  co-efficients  as  follows: 

Two  8-inch  cubes  give  approximately  ,,  \„^ —tt^ =  .0000821 

^  ^  -^  -^  (1  500  —  100)    X  c 

The  average  of  all  gives  approximatelv-rr-Ti^T: '^kpt. =  .0000701 

^  ^  ^  ^  -  (1  300  —  100)  X  c 

The  interesting  result  appears  that  16-inch  cubes  of  forty-six  months' 
concrete  give  equal  compression  with  12-inch  cubes  twenty-two  months 
old,  mixed  neat;  also  the  12-inch  concrete  corresponds  with  the  8-inch 
cement. 

The  average  strength  of  the  neat  cement  cubes  was  2  411  pounds  per 
inch;  and  of  the  concrete,  2  899  jjounds. 

The  Committee  would,  in  this  connection,  present  some  tests  made 
by  them  on  cylinders  24j  inches  long  by  4^  inches  diameter  (see  Plate 
LXVIII,  Table  No.  2).    The  specimens  consisted  of  one  cylinder,  twenty- 
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eight  days  old,  mixed,  1  of  Portland  cement  to  2  of  sand;   two  of  the 

same  age,  mixed,  1  to  3,  and  one  six  months  old,  mixed,  1  to  3. 

The  co-efficients  obtained  are  as  follows: 

0187  —   0031 " 

1  cement,  2  sand,  twenty-eight  days,    ijjTT; ^  '     -=.0004:33 

•^      °  •'   '    (400  —  lOOj   X    c 

(400  —  lOOj   X   c 

"       "         =>      "      ^-"-"=^'        ,        (^'-~ioo7x'c  =  -^°^^^ 

It  will  be  seen  that  these  results  are  about  two  and  oiie-half  times 
those  reached  with  the  neat  cement  cylinders  in  corresponding  times, 
showing  that  where  it  is  important  to  have  the  least  possible  comi>res- 
sion  in  work,  the  use  of  neat  cement  is  indicated. 

We  have  next  to  examine  some  tests  of  Bosendale  (natural)  cements. 
These  are  too  few  in  number  to  base  any  positive  deductions  upon  (in- 
deed, this  is  true  in  a  measure  of  all  the  results  given),  but  the  Commit- 
tee hope  to  supplement  them  in  the  future. 

We  have  first,  two  cubes  each  8  inches,  12  inches  and  16  inches  of 
Eosendale  cement  mortar  mixed  1  cement,  \h  sand  at  forty-six  months' 
age  (see  Plate  LXIX,  Table  No.  4). 

The  average  of  the  8-inch  gives  'jj^wi^ — ^k,^^ =  .0001584  per  100  lbs. 

°  °  (900  —  200)  X  c  ^ 

.  ..         .0132  -  .0049'   _  .^ 

^^  (700  -  200)  X  c  -  -""^l^"^ 

..  .,         .0139 -.0041"    _  ^. 

^^  (800-200)  xc--"*^"^^^^ 

"        6-^-B-es^-f^^  =  .0001381         '« 

To  avoid  confusing  the  diagram  the  average  lines  in  some  cases  are 
omitted. 

Six  cubes  of  corresi^onding  sizes  at  46  mouths'  age,  mixed  1  to  3, 
give  : 

The  average  of  the  8-inch  gives  t^S^^-^v^^  =  .0002417  per  100  lbs. 
°  °         (500  —  100)  X  c  ^ 

..        ^      1         •         .0108  — .0032'         nnnoin 
"6  cubes  gives^-^^^^-^_^^^^^  ^-  =  .0002111 
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Comparing  these  results  with  the  National  Portland  of  same  age  and 
mixture  we  find  them  to  be  about  four  times  as  much. 

The  average  strength  at  crushing  of  the  1  to  IJ  mixture  was  1  386 
pounds,  and  of  the  1  to  3  mixture  714  pounds  per  square  inch;  and  the 
compression  of  the  latter  was  about  one  and  one  half  times  that  of  the 
former. 

Six  cubes  of  Rosendale  cement  concrete  at  forty-six  months'  age 
mixed  1  cement,  IJ  sand  and  6  broken  stone,  gave  (see  Table  No.  5, 
Plate  LXIX). 

The  average  of  8-inch  gives  -'^^^r^ ttt^t; =  .C002274. 

°  (800  —  100)  X  c 

A  *    n  .0170— .0034"        nnmfioo 

Average  of  all --^^ -t-t^t =  .0001692. 

°  (770  —  100)  X  c 

Six  cubes  concrete  of  a  mixture  of  1  Rosendale  to  3  sand  and  6  broken 
stone  at  forty-six  months'  age,  gave: 

For  8-inch  gives  '.^^^  Tn.'.!^^^^    =  .0003100  per  100  pounds. 
^         (600  —  100)  X  c  1  r 

.  „    „         .0139  — .0038"  nnnom. 

Average  of  all •  •  pQ^riooy^  =  -0002104 

The  crushing  strength  of  the  concrete  with  1^  parts  sand  was  1483 
pounds,  and  with  three  parts  sand  824  pounds  average  per  square  inch. 
The  crushing  strength  of  the  1  to  3  to  6  mixture  with  National  Portland 
cement  was  2  899  pounds,  or  three  times  that  of  the  Rosendale,  while 
the  compressions  were  from  about  one-half  to  one-quarter. 

Another  brand  of  Rosendale  cement  mixed  1  cement,  2  sand,  3  gravel 
and  4  broken  stone  at  twenty -two  months  old  gave  for  1  cube,  each  size, 
as  follows: 
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„  .0158  -  0026- 

12  (600-100)  xo--"""^"' 

16         ..         ^0089_002r^ 

(500  —  200)  X  c 

-lo  ..  .0119  —  0022"  nnn-,  ^irr 

^'  (600-100)  Xc--QQQ^^^^ 

.  .    ,,      .0104—  0021"  nnm-7in 

Average  of  all  (^qq  _  .qq)  ^  ^  =  .0001729 

It  will  be  noted  that  in  all  cases  tlie  averages  have  been  taken  from 
the  average  curves,  rather  than  by  averaging  the  co-efficients,  althougli 
they  do  not  differ  greatly. 

Two  cylinders  24+  x  4|  inches  of  a  mixture  of  1  part  lime,  2  parts 
pozzuolana,  and  3  j^arts  quartz  by  weight  (or  1  each  by  volume)  were 
tested  as  follows,  giving  the  following  results  on  12-inch  length: 


No.  of        .    „ 
Test.         ^S^- 

Pressure  per  inch  in  pounds. 

Ultimate 
strength  per 

100 

200 

300               400 

500 

600^^1^!^''®  inch. 
Pounds. 

20      3  mos. 

.0090 

.0170 

,0240       .0254 

.... 

524 

21       6    " 

.0049 

.0123 

.0232 

449 

22       6    " 

.0029 

.0053 

.0084      .0138 

.0204 

.0340        749 

Bkick  Pieks. 

One  of  the  most  important  series  of  tests  in  the  Watertown  record  is 
that  of  thirty-three  brick  piers  of  various  dimensions  and  lengths.  The 
bricks  were  laid  on  the  bed,  Avith  joints  broken  in  every  course,  except- 
ing in  two  cases.  Their  ages  ranged  from  fourteen  to  twenty-four 
months.  Compression  measurements  Avere  taken  within  the  gauged 
length  along  the  center  line.  Contact  of  the  pier  with  the  beam  of  the 
micrometer  was  made  through  blocks  carrying  conical  spur  })oints 
clamped  to  the  bricks.  If  these  measiirements  could  have  been  made 
on  opposite  sides,  so  as  to  throw  out  all  eft'ect  of  flexure,  if  any,  it  Avould 
possibly  have  given  more  uniformity  in  results. 

The  piers  seem  to  have  been  packed  with  brass  strips  against  steel 
cushions,  in  testing. 

Loads  were  applied  in  regular  increments,  measuring  the  compres- 
sion at  each,  and  returning  to  zero  occasionally  to  determine  the  set. 

Cracks  made  their  appearance  at  the  surfaces  of  the  piers,  and  were 
gradually  enlarged  before  maximum  loads  were  reached.     Final  failure 
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occurred  by  partial  crusliing  of  some  bricks,  and  enlargement  of  the 
cracks.  These  took  a  longitudinal  direction,  and  occurred  in  the  bricks 
of  one  course  opposite  the  end  joints  of  adjacent  courses. 

Snapping  sounds  were  heard  long  before  cracks  apj)eared;  in  one 
case  at  200  pounds,  another  at  300,  in  about  three  at  400,  and  four  at  500 
pounds  per  square  iuch.  In  one  case  it  ran  to  1  800  pounds,  and  in  a 
large  number  at  1  100  to  1  500,  the  average  being  about  900  pounds. 

Piers  laid  in  Portland  cement  showed  the  highest  resistance,  show- 
ing that  the  quality  of  the  mortar  has  much  to  do  with  the  strength  of 
brick  work. 

The  experiments  seem  to  show  that,  when  lime  mortar  is  used,  the 
yielding  was  much  of  it  in  the  joints.  In  one  respect  the  curves  shown, 
Plates  LXX  and  LXXI  are  misleading,  for  the  following  reason:  the  piers 
were  transported  to  the  testing  machine  in  a  fixture  consisting  of  two  cast- 
iron  plates,  which  were  set  on  the  ends  of  the  piers  in  plaster  of  Paris. 
These  were  joined  by  wrought-iron  tie  rods  provided  with  turn-buckles, 
by  tightening  which  the  inclosed  pier  was  placed  in  a  state  of  compres- 
sion. This  compression  was  often  greater  than  the  initial  loads  apj)lied, 
so  that  the  early  readings  are  not  strictly  correct.  This  result  is  most 
cons]Dicuoiis  in  the  piers  laid  in  weak  mortars. 

The  second  application  of  a  given  load  (after  release  from  the  first 
application),  usually  caused  an  increase  in  the  total  compression, 
although  not  always.  The  opinion  is  expressed  that  repeated  loading 
would  ultimately  destroy  a  pier;  but  as  this  increased  compression  some- 
times occurs  VN'ith  loads  as  low  as  150  poiinds  per  inch  with  cement  mor- 
tar, the  theory  is  questionable.  The  remarkable  fact  comes  out  by  oue 
of  the  experiments  that  under  application  of  a  lighter  load  after  a  heavier 
one,  the  set  perceptibly  diminishes,  and  this  occurs  even  quite  near  the 
load  causing  rupture. 

For  example,  a  pier  12  inches  square,  73  inches  high,  gauged  length 
50  inches,  gave  at  139  pounds  per  square  inch  a  total  compression  of 
0.0103  inches,  increasing  in  five  minutes  to  .0109  inches.  On  release  to 
70  pounds,  the  set  measured  .0065.  x4.t  348  pounds  the  compression  was 
.0504,  increasing  as  before  to  .0527.  On  release  to  70  pounds,  the  set 
was  .0328,  diminishing  to  .0327  in  five  minutes. 

Again,  at  556  ijouuds,  the  compression  was  .0955,  increasing  to  .0994. 
On  release,  as  before,  the  set  was  .0653,  after  five  minutes,  .0649,  and 
after  sixty -five  minutes  .0646.     At  694  pounds,  the  first  crack  appeared, 
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and  comi^ression  after  five  minutes  was  .  1334,  diminishiug  on  release  to 
70  pounds  to  .0908,  and  after  five  minutes  to  .0902.  At  900  j)ounds  the 
figures  were  (in  the  same  sequence)  .1872,  .1908,  .1345  and  .1377  inches, 
respectively.     Total  failure  occurred  at  1  210  pounds  per  inch. 

Piers  in  lime  mortar,  with  joints  broken  every  sixth  course,  seemed 
to  be  stronger  than  with  joints  broken  every  course;  but  more  ex]Deri- 
ments  are  required  to  substantiate  the  statement. 

Hollow  piers  were,  for  the  same  mortars,  of  about  the  same  strength 
as  solid,  "pev  square  inch  of  solid  section. 

A  terra-cotta  cylinder,  made  up  of  three  segments,  each  5^  inches 
high,  joined  with  neat  cement,  gave  a  co-efficient  for  12  inches  of  about 
.000102. 

A  pier  12  inches  square,  50  inches  high,  within  gauge  marks,  laid  up 
in  Portland  cement,  neat,  at  nineteen  and  one-half  months'  age,  gave 
(see  Table  No.  6,  Plate  LXX.) 

.0100  — .0003"  nnnnrrorr 

(1300-200)  Xc.--^QQQ^^^ 
One  pier,  8  inches  square,  16i  inches  high  and  fifteen  months  old,  of 
face-brick,  set  in  Portland  cement  mortar,  mixed  1  to  2,  gives  a  remark- 
ably uniform  curve  and  a  co-efficient  of 

.0281 -.0064"  nnr^maAA 

,■■■„„ t^ttt: =  0.0001644 

(1500  —  400)  X  c. 

One  pier,  12  inches  square,  234  inches  high,  of  face-brick,  eighteeu- 
and-a-half-months-old-Portland  mortar,  1  to  2,  gave,  up  to  1  400  pounds, 
a  co-efficient  of 0001597 

One  pier,  16  inches  square,  32  inches  high,  of  common  brick,  same 
age,  etc.,  up  to  700  pounds,  gave  same 0001597 

Beyond  700  pounds  the  common  brick  compressed  the  most. 

Four  piers,  twenty-three  to  twenty-four  months  old,  8  to  16  inches 
square,  50  to  100  inches  high  (see  Table  No.  6),  gave,  with  Portland 
mortar,  1  to  2,  as  follows: 
Between  limits  of  200  and  1 400  pounds — 

No.  328,  of  common  brick,  16  inches  square,  100 

inches  gauged  height,  co-efiicient 0000667 

"    329,  of  common  brick,  12  inches  square,  100 

inches  gauged  height,  co-efficient 0000658 

"    326,    of  face   brick,    12   inches   square,    100 

inclu'S  gauged  height,  co-efficient 0000722 

"    321,  of  face  brick,  8  inches  square,  50  inches 

gauged  height,  co-efficient 0000652 
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Finally,  tliere  were  four  tests  iu  every  particular  alike  except  the 
mortar. 

They  were  of  Bay  State  bricks,  twenty  to  twenty  and  one-half 
months  old,  height  50  inches.  The  strongest  and  the  one  showing  least 
compression  was  laid  up  in  Eosendale  cement  mortar,  mixed  1  to  2,  and 
gave  a  co-efficient,  between  300  and  1  000  pounds,  of 0001012 

The  next,  with  Portland  cement,  1  to  2,  between  400  and 
1  000,  gave ■ 0001083 

Eosendale,  mixed  1  to  2  sand  and  6  linie,  between  300  and 
800,  gave 0001800 

Portland,  1,  2  and  6,  gave  between  300  and  900 0001639 

Collecting  the  results,  we  find  : 

Co-ef£cient, 
per  100  pounds. 
One  pier,    19  J    months,    Portland  mortar  neat,    Bay 

State  bricks 0000735 

One  pier,  15  months,  Portland,  1  to  2  face.  Bay  State 

bricks 0001644 

One  pier,  18^  months,  Portland,  1  to  2  each  face  and 

common,  about 0001597  iip  to  700 

One  pier,  20  months,  Eosendale,  1  to  2  Bay  State. .    .0001012 
One  pier,  20         "       Portland,         "  "  0001083 

One  pier,  20^  months,  Portland,  1  cement,  2  lime,  6 

sand.  Bay  State 0001639 

One  pier,  20 1  months,  Eosendale,  1  cement,  2  lime,  6 

sand  Bay  State 0001800 

One  pier,  24  months,   Portland,   1   cement   2  sand, 

common 0000667 

One   pier,   24  months,  Portland,  1  cement  2   sand, 

common 0000658 

One  pier,  23^  months,  Portland,  1  cement  2  sand, 

face 0000722 

One   pier,  23^  months,  Portland,  1  cement  2  sand, 

face 0000652 

For  a  refined  comparison  a  much  greater  number  of  experiments  is 
requisite.  It  is  evident  that  there  is  an  increased  resistance  to  com- 
pression with  increase  of  age,  but  it  is  quite  evident  also  that  the 
figures  given  are  too  irregular -to  be  exact. 

The  only  way  to  make  exact  determinations  wiU  be  to  build  the  piers 
with  exactly  the  same  dimensions  and  thickness  of  joints  and  of  the 
same  quality  of  bricks  for  each  mixture  of  mortar.  It  is  inevitable  that 
as  walls  are  ordinarily  built  with  more  or  less  voids,  the  compressions 
must  exceed  those  given  in  every  case. 
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Brick  Pieks  in  Lime  Moktae. 

One  of  the  first  things  to  be  observed  in  this  Table  No.  7  (Plate 
LXXI)  is  the  very  decided  loss  of  strength  at  rupture  of  the  piers  built 
of  Bay  State  bricks,  as  compared  with  the  relative  strengths  in  the 
previous  table.  This  shows  very  forcibly  the  important  part  played 
by  the  mortar  in  any  structure. 

Taking  the  piers  in  the  order  of  age,  we  have: 

1st,  two   8-inch  piers,  16  inches   high,  fifteen   months  old,  of 

which  the  face  brick  gives  co-efficient 0004157 

The  common  brick  gives  co-efficient 0005903 

And  the  average 0005048 

At  eighteen  and  one-half  months  the  ijiers  are  23  to  24  inches  high 

and  12  inches  square. 

The  face  brick  gives. . .  .0003208  and  .0004312  or  an  average  of  .0003760 
The      common      brick 

gives 0007708  and  .0005555      "         "  .0006631 

One  of  the  Bay  State  bricks  gives 0005950 

Average  of  all  at  eighteen  and  one-half  months 0005260 

At  nineteen  and  one-half  to  twenty  months  these  piers  of  Bay  State 
bricks,  12  inches  square  and  72  inches  high,  give  respectivelv: 
.0004417     .0004222     .0002858     and  average    .0003b"32 

At  twenty-three  to  twenty-four  months  there  are  nine  piers  from  80 
to  121  inches  high.     Of  these  the  face  brick  give: 

.0003131     .0003521     .0002933     and  average    .0003195 

The  common  brick  give: 

.0005333     .0008000     and  average     .0006667 

The  Bay  State  brick  give: 

.0003983    .0005306     .0007500     .0006389     and  average    .0005794 

In  every  case  it  will  be  seen  that  with  lime  mortar  the  face  bricks 
give  the  least  compression,  the  Bay  State  appears  to  be  next,  and  the  com- 
mon brick  most.  With  cement  mortar,  so  far  as  the  experiments  go, 
there  is  little  difference,  Eef erring  to  thickness  of  the  joints  we  see  those 
with  face  bricks  are  thinnest;  and  this,  together  with  the  greater  com- 
pression in  cubes  of  lime  mortar,  would  indicate  that  the  increased  com- 
pression Avith  common  bricks  occurs  largely  in  the  joints,  and  that  the 
kind  of  brick  has  little  to  do  with  it.  The  form  of  pier,  whether  hollow 
or  solid,  seems  to  have  little  effect  also.    ' 

Beick  Pieks  with  Stone  Caps  and  Bases. 

In  connection  with  the  foregoing  were  six  piers  of  North  River  hard- 
burned  brick,  with  caps  of  Kanawha  freestone  from  Virginia.  Three 
2-inch  cubes  of  the  freestone  crushed  at  an  average  strength  of  9  154 
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Ijounds  per  square  inch.  The  piers  were  laid  up  with  Newark  and 
Roseudale  cement,  mixed  1  to  2,  and  were  twenty-two  months  okl.  The 
height  of  the  brick  work  was  16  to  16i  inches,  and  total  height  of  piers 
22  to  22  i^  inches,  the  compressions  being  measured  on  the  whole  height. 
The  curve  of  the  average  compressions  only  has  been  plotted  in  Plate 
LXXII,  Table  No.  8.  Taking  the  range  between  100  and  900  j)ounds 
per  square  inch,  gives  a  co-efficient  of  .0001469  per  100  pounds. 

Haveestkaw  Freestone  Cubes. 
A  series  of  these  were  tested,  giving  compressive  strength  as  follows : 


aS.a 

a  0,0 

^S^ 

oA 

a  04  V 

a  ~2 

0 

s      a 

P  _  '^ 

p      a 

co_  a 

p     a 

Size. 

11 

2^i 

rf  3  3 

^  a  c3 

Size. 

0  0 

3  g 

Hi 

>  a  c« 

g  a  3 

3  ° 

ssg, 

S43  a" 

''■SI 

^i& 

-3  c< 

S|& 

00   If 

00   K 

luches. 

Pounds. 

Pounds. 

Pounds. 

Inches 

Pounds. 

Pounds. 

Pounds. 

1 

2 

6  959 

7  107 

7  033 

7 

4 

5  728 

6  590 

6  156 

2 

4 

5  590 

6  718 

6  004 

8 

4 

6  040 

6  674 

6  272 

3 

4 

5  795 

7  202 

6  245 

9 

4 

5  494 

7  886 

6  535 

4 

4 

5  340 

6  341 

5  962 

10 

4 

5  210 

8  032 

6  584 

5 

4 

5  302 

8  052 

6  467 

11 

4 

6  270 

6  508 

6  418 

6 

4 

7  048 

7  719 

7  355 

12 

4 

5  323 

5  621 

5  420 

It  should  be  said  that  one  of  the  10-inch  cubes  cracked,  but  did  not 
rupture  entirely.  Three  of  the  12-inch  cubes  also  did  not  rupture,  as 
the  limit  of  strength  of  the  machine  was  reached.  Nevertheless,  the 
averages  do  not  indicate  the  increase  with  increase  of  dimension  that 
has  been  held  to  be  the  law  by  previous  observers. 

Prisms  of  the  same  stone,  two  of  each  size,  were  tested  as  follows: 

gJ2g  Minimum  per  Maximum  per    Average  per 

square  incli.      square  inch,    square  inch. 

16  428 

8  028 

6  678 
These  prisms  were  not  ruptured. 

9  537 
8  550 

7  763 
6  554 
6  613 


6  272 


4x4x1  inch. 

14  070 

18  786 

4x4x2 

C( 

7  835 

8  222 

4x4x3 

(( 

6  141 

7  216 

8x8x2 

(I 

12  300 

12  610 

8x8x3 

li 

8  823 

10  251 

8x8x4 

a 

7  765 

9  336 

8x8x5 

a 

6  937 

8  590 

8x8x6 

" 

6  281 

6  788 

8x8x7 

(( 

6  537 

6  689 

From 

other  tables. 

8x8x8  inch. 

6  040 

6  674 

280  COMPRESSION   OF   CEMENT   AND   MORTAK. 

The  8x8x2  inch  it  is  evident  woixld  have  given  at  rupture  about 
the  same  strength  as  the  4x4x1  inch.  The  8  x  8  x  4  inch  were  a  little 
stronger  than  the  4x  4x  2  inch;  the  8x8x6  inch  a  little  weaker  than 
the  4x4x3  inch,  and  the  8-inch  cubes  and  4-inch  cubes  almost  identical. 

As  all  these  blocks  and  cubes  were  carefully  selected,  so  as  to  be  as 
uniform  as  jDossible,  the  results  are  certainly  interesting. 

Compressions  were  measured  on  the  cubes  from  8-inch  in  size  up- 
ward, and  the  curves  of  the  average  are  plotted  on  Plate  LXXII,  Table 
No.  9.  The  average  of  the  20  cubes  between  100  and  700  pounds  give 
a  co-efficient  of 

.000175  per  100  pounds. 

Beyond  this  the  compression  is  less,  and  from  about  1  400  to  5  000 
l^ounds  it  is  almost  uniform  at  .0000882. 

It  will  be  seen  that  the  first  result  is  very  close  to  the  average  ob- 
tained for  cubes  of  forty-six-mouths-old  Eosendale  concrete  and  mortar. 
The  last  is  more  nearly  that  of  National  Portland  concrete  and  mortar. 

One  reason  for  the  irregular  character  of  the  curves  for  the  freestone 
blocks  is  that  readings  were  only  taken  for  compression  at  wide  intervals 
of  pressure. 

The  curve  given  of  the  test  of  a  piev  of  three  cubes  gives  essentially 
the  same  result. 

In  concluding  this  rej^ort  of  progress  we  can  only  say  that  the  results 
are  to  be  considered  as  approximations  only.  The  method  of  averages 
is  undoubtedly  the  right  method  to  pursue,  since  every  large  mass  of 
masonry  will  present  variations  throughout  its  mass,  so  that  the  result  of 
loressure  on  such  a  mass  must  be  an  average  l)etween  the  best  and  all 
grades  to  the  poorest. 

We  hope  to  be  able  to  obtain  more  extended  tests  before  making  our 
final  report. 


TABLE  No.  1. 


Dyckeehoff  Portland  Cement  (neat.)  Specimens  twenty-two  months  old,  buried  in  sand  while  hardening.  The  compressions  are  reduced  to  the  amount  for  a  foot  in  length  of  test. 
The  prisms  tested  were  12  x  12  inches,  there  being  three  of  2  inches,  three  of  4  inches  and  three  of  8  inches,  tested  in  piers  12,  18  and  24  inches  high,  respectively,  with  compressions 
reduced  to  that  on  1  square  inch.     (The  11  and  12  inches  packed  with  jdaster  of  paris;  the  others  Avith  brass  strijis  when  tested.) 

Vol.  XVIir,  p.  280. . 


Pressures  per  square  inch 

per  foot  of  length,  lbs. 

Average    compression  of 

100 
.00111 
.00123 
.00112 
.00083 
.00080 
.00110 
.00102 

200 
.00216 
276 
320 
205 
187 
241 
241 

300 
.00360 
4G7 
470 
308 
293 
336 
375 

400 
.00480 
607 
G20 
383 
360 
453 
487 

500 
.00603 
710 
722 
452 
-  430 
642 
585 

600 
.00717 
849 
834 
627 
496 
612 
677 

700 

.00819 

967 

924 

800 
.00933 
1  064 
1  014 

900 

.01038 

1164 

1084 

725 

670 

839 

1  000 

.01122 

1267 

1170 

775 

723 

911 

1100 
.01197 

1351 

1  230 
837 
783 
982 

1068 

1200 
.01314 
1438 
1294 
903 
843 
1061 
1146 

1300 
.01398 
1513 
1374 
961 
910 
1132 
1218 

1400 
.01467 

1600 
.01554 

1600 
.01620 
1767 
1594 
1129 
1090 
1341 
1425 

1700 
.01701 
1851 
1  664 
1220 
1163 
1416 
1503 

1800 
.01776 
1910 
1728 
1274 
1203 
1504 
1572 

ICOO 
.01851 
2  007 
17fi8 
1347 
1260 

2  000 
.01920 
2  080 
1810 
1413 
lJi40 

2  200 
.02088 
2  220 
1972 
153'' 
life 
1837 
1845 

2  400 
.02235 
2  347 
2  084 
1670 
1693 
2  019 
1  981 

2  600 
.02352 
2  611 
2  220 
1796 
1716 
2  212 
2  123 

2  800 
.05511 
2  640 
2  346 
1945 
1810 
2  424 
2  274 

3  000 
.02718 
2  797 
2  484 
2  087 
1983 
2  653 
2  429 

■  3  400 
.03003 

3  800 
034.20 

4  400 
.04203 

4  800 

5  200 

5  600 

Rup- 
ture. 
Lbs. 

Average    of    six    9-incli 

1573 
1458 
1021 
980 
1194 
1287 

1684 
1522 
1075 
1039 
1265 
1368 

3103    3  489'    3  890 

1             1 
2  712    '  x^a'   ^  199 

Average   of    six    10-incb 

4  761 

Average  of    six    11-inch 

594i       661 
565        610 

683 1       785 

2  397 
2  285 
3132 
2  733 

2  732    3  3Rn 

n.if.fls 

.04296 
4  020 

.05072 
4  650 

Average  of    six   12  incli 

2  626 

3  658 

Average  of    three   piers 
of  tliree  prisms  each . . 

1580!    1661 

4  304 

5  582 

4  087 

1635 

Average  of    twenty-nine 
cubes  and  three  xiiers . 

763 

847 

925 

999 

1636 

1703 

3  077 

3613 

4158 

4  811 

4  828 

Portland  Cement  Neat.     Specimens  14  |  Months  Old. 


Average   of  three  6-inch 
cubes  lor  12-iD.  length. 


Di-<:KERHOFF"s  PORTLAND  Cement.     Indivijual  tests  from  which 

Vol.  XVIU,  p.  2S0. 


TABLE   No.    1  A.  ,"») 

in  Table  No.  1  are  computed.     The  upi^er  line  indicates  pressures  per  square  inch,  and  the  Hues  below  compressions  in  inches  on  the  sizes  given  without  reduction 
to  uniform  length. 


!"• 

1 

i 

Pounds, 

- 

i 

100 

200 

300 

100 

600 

600 

700 

800 

900 

1000 

1100 

1200 

1300 

1100 

1500 

1600 

1700 

1800 

1900 

2  000    2 

200 

181 
137 
120 
130 
128 
182 
■111 
176 
120 
140 
170 
192 
106 
186 
193 
161 
150 
151 
147 
142 
128 
128 
146 
HO 
160 
160 
HO 
134 
148 

2  400 

■■.0193 
147 
1-28 
140 
137 
190 
220 
187 
131 
152 
188 
201 
115 
190 
204 
171 
100 
167 
160 
157 
110 
HO 
158 
167 
178 
100 
152 
147 
162 

2  600 

2  800 

•■.0213 
168 
141 
160 
152 
210 
210 
206 
163 
170 
210 
223 
132 
210 
225 
203 
180 
200 
185 
183 
100 
102 
180 
188 
203 
183 
172 
173 
180 

3  000 

■■.0-230 
183 
155 
170 
168 
220 
250 
218 
165 
179 
227 
236 
114 
220 
230 
219 
193 
212 
200 
200 
170 
173 
193 
205 
220 
194 
185 
187 
199 

3  400 

3  800 

4  100 

4  800 

6  200 

6  600 

a 

Z^^.Z. 

60 
61 
Sli 

51 
65 
60 
67 
68 
69 

61 
02 
03 
01 
06 
06 
07 
68 
69 

71 
72 
73 
74 
75 
76 
77 

Inches. 
8 
8 
8 

9 
9 

9 
9 
9 

10 
10 

10 
10 

11 
11 

11 

11 

12 
12 
12 
12 
12 

•■.0013 
8 
2 
0 
8 
9 
10 
10 

16 
8 

15 
3 
8 

12 
8 

10 
7 

10 
7 

7 
9 
8 
13 
8 
6 
6 
7 

".0026 
11 
8 
14 
13 
23 
28 
25 
10 
26 
12 
38 
10 
42 
30 
20 
20 
21 
26 
17 
10 
10 
20 
16 
26 
20 
11 

20 

■•.0039 
20 
17 
22 
22 
38 
45 
40 
15 
37 
33 
53 
15 
60 
46 
31 
30 
33 
39 
27 
16 
25 
30 
22 
39 
30 
27 
28 
30 

■■.0061 
24 
24 
30 
31 
60 
00 
62 
23 
44 
44 
70 
21 
76 
62 
42 
40 
40 
44 
34 
23 
30 
40 
29 
46 
38 
31 
32 
39 

■■.0062 
31 
27 
38 

62 
73 
62 
30 
53 
63 
79 
21 
87 
73 
62 
46 

60 
40 
30 
36 
46 
36 
61 
42 
38 
40 
48 

■■.0067 
13 
38 
13 
48 
72 
81 
70 
34 
60 
60 
90 
28 
100 
81 
62 
53 
65 
60 
46 

41 
53 
43 
61 
60 
45 

52 

■■  .0080 
50 
42 
60 
51 
82 
98 
79 
40 
67 
69 
101 

107 
93 
63 
69 
02 
67 
62 
42 
45 
59 
50 
68 
68 
49 
60 
63 

",0092 
67 
60 
67 
66 
92 

108 
86 
45 
74 
74 

109 
40 

116 

103 
76 
66 
69 
70 
69 
49 
60 
67 
66 
77 
62 
64 
55 
62 

".0101 
63 
69 
62 
61 
100 
118 
92 
52 
79 
83 
113 
46 
1^20 
112 
80 
71 
76 
76 
67 
53 
55 
72 
60 
84 
69 
61 
00 
68 

".0108 
68 
66 
06 
07 
110 
127 
100 
68 
85 
90 
119 
61 
127 
120 
90 
78 
82 
80 
71 
67 
00 
77 
67 
90 
73 
69 
62 
73 

".0110 
72 
70 
70 
77 
114 
136 
106 
02 
90 
100 
12.5 
54 
130 
127 
95 
84 
90 
86 
77 
62 
65 
82 
69 
99 
79 
75 
68 
80 

■■.0119 
80 
74 
77 
88 
120 
114 
111 
68 
94 
107 
132 
69 
131 
132 
100 
90 
96 
93 
83 
67 
70 
89 
79 
101 
83 
80 
72 
88 

■•.0127 
87 
80 
SO 
92 
127 
152 
121 
72 
97 
112 
140 
04 
140 
139 
108 
96 
100 
100 
90 
70 
75 

85 
110 
90 
87 
79 
94 

■■.0131 
91 
81 
88 
96 
133 
160 
128 
77 
101 
119 
145 
71 
148 
147 
110 
102 
105 
103 
97 
77 
80 
100 
92 
115 
100 
94 
86 
101 

■■.0139 
97 
88 
95 
99 
140 
168 
131 
82 
107 
127 
151 
77 
150 
160 
121 
109 
110 
110 
102 
81 
85 
104 
95 
120 
106 
102 
90 
107 

■■.0145 
101 

92 
100 
102 
116 
177 
140 

87 
112 
133 
168 

81 
165 
167 
130 
116 
119 
117 
109 

86 

90 
109 
100 
128 
110 
108 

98 
111 

■■.0106 
107 

98 
105 
107 
151 
184 
148 

91 
119 
110 
166 

85 
160 
102 
136 
123 
126 
123 
113 

95 
100 
111 
107 
135 
118 
111 
102 
119 

".0157 
113 

110 
110 
158 
189 
163 
101 
126 
117 
170 
89 
165 
108 
142 
130 
131 
127 
119 
102 
105 
123 
112 
110 
121 
117 
108 
124 

".0103 
120 
107 
113 
114 
163 
194 
169 
105 
130 
162 
177 
93 
170 
172 
147 
136 
138 
130 
125 
108 
110 
130 
118 
111 
128 
121 
115 
131 

■■.0170   ". 
Vi5 
110 
115 
120 
170 
200 
164 
110 
133 
159 
181 
98 
176, 
180 
151 
110 
1« 
138 
130 
115 
115 
135 
127 
152 
137 
129 
120 
138 

■■.0200 
167 
135 
150 
142 
200 
230 
198 
113 
160 
199 
211 
121 
200 
215 
190 
170 
180 
171 
169 
160 
150 
168 
170 
190 
170 
162 
160 
178 

■'.0255 
202 
171 
192 
178 
240 
270 
246 
181 
197 
259 
270 
158 
240 

■■.0287 
230 
195 
218 
•210 
264 
293 
'256 
214 
220 
323 

" .0350 
■290 
'214 
264 
247 
320 
325 

4  550 

'260 

272 

'.".'.. 

5  256 

4  538 

270 
252 

4  783 

3  919 

180 
260 

217 
'290 

6  859 

4  225 

242 

220 
218 
2'26 
230 
195 
200 
220 
235 
255 
218 
213 
211 
236 

272 
245 
280 
■267 
260 
2'JO 
230 
250 
278 
290 
215 
246 
216 
271 

290 
343 
320 
319 
282 
290 
300 
365 
31)0 
298 
299 
311 
337 

358 
356 
313 
330 
3.38 
4G0 

412 
402 
362 
390 
403 

■■"ios' 

5  216 

5  896 

6  451 
6  587 
6  287 

.06 

1  :S?::::: 

340 
360 
366 
400 

422 
390 
306 

'""165' 

5  542 

6  900 
6  533 

1      , 

79K 
77« 
78« 

12  X  12  tolals. 

8 
22 
21 

20 
41 

60 

32 
59 
77 

41 
72 
94 

64 
82 
108 

63 
91 
120 

72 
102 
130 

80 
117 
145 

89 
127 
156 

98 
136 
169 

106 
149 
180 

114 
IGO 
195 

122 
160 
210 

130 
178 
219 

139 
189 
231 

148 
199 
213 

158 
209 
255 

170 
220 
269 

180 
231 
280 

190 
241 
291 

511 
270 
320 

232 
299 
319 

254 
332 
378 

276 
370 
409 

300 
410 
145 

351 
190 
518 

410 
679 
603 

LiBmB 

730 
766 

810 

r 



4  496 

1      - 

TABLE   No.  2. 
Portland  Cement,  mixed  neat,  in  cylinders  4j  inches  diameter,  241  inches  long.     Section,  13-iVg-  square  inches.     Compression  in  inches  for  12  inches  in  length. 
Vol.  xvni.  p.  280.  (1)— Specimen  twenty-eight  days  old. 


Description,  etc. 


Specimen  No.  i. 

3. 

Average 


Pressures  in  Founds  per  Square  Inch. 


100 


.0020 
.0020 
.0020 


200 


.0047 
.0045 
.0046 


.0078 
.0079 


.0112 
.0112 


500 


600 


700 


.0142 
0143 
.0143 


.0160  1.0184 

.0178  .0211 
.0109  1.0198 


900   1  000  •  1  100 


0207  1.0221 
0227  .0253 
,0217  .0237 


.0247 
.0270 
.0259 


.0268 
.0289 
.0279 


1200 


1300 


.0290 
.0302 
.0296 


.0305 
.0319 
.0312 


1400 


.0325 
.0335 
.0330 


1600 


.0352 
.0363 
.0358 


1600 


1  700 


.0380  .0403 
.0374  1.0387 
.0377  .0395 


.0417 
.0406 
.0412 


1900 


.0444 
.0434 
.0439 


2  0C0 


0466 
.04.51 

.0459 


2  100 


.0489 
.0469 
.0479 


Rupture. 


3  270  pounds. 
3  000       •■ 
3 135       " 


(2) — Specimen  one  hundred  and  four  days  old. 


One  specimen  reported 
July  4,  1887 


(3) — Specimen  six  months  old. 


Specimen  No.  5  . 


3  598  pounds. 


(4j— Specimen  (1  Portland  and  2  sand)  twenty-eight  days  old. 


Specimen  No.  12 


0031    .0061     .0135    .01^7    .0232    .0244    .0314 


1  050  pounds 


(5)- 

-Specimen  (1  Portland  and  3  sand)  twenty-eight  days  olc 

. 

Specimen  No  15 

.0037 
.0057 
.0057 

.0125  '.0.06 

.0286    0.360 

.0479 
.0479 
.0479 

j 

( 

Specimen  No.  16 

.0117 
.0121 

.0196 
.0201 

.0278 
.0282 

.0354 
.0357 

Average  





1 

(6) — Specimen  (1  Portland  and  3  sand)  six  months  old. 


Specimen  No.  1 7 


0026    .O0D6    .0033    .0114    .0139    .0154    .0180    .0210    .0237 


1  050  pounds. 


TABLE  No.  2  A. 
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Which  has  not  been  reduced  to  100  pounds  pressuke  per  square 

INCH. 


No.  6.     Neit  Portland  cement  cylinder,  one  year  old.     Length,  2i.030 
inches.     Area,  13-iVo"  square  inches. 


Load. 
Pounds. 

Compression. 
Inches. 

Load. 
Pounds. 

Compression. 
Inches. 

Load. 
Pounds. 

Compressi 
Inches. 

2(00 

f.0064 

12  UOO 

.0510 

22  000 

.0775 

3  000 

.0170 

13  000 

.0530 

23  000 

.OWO 

4  000 

.0212 

14  000 

.0530 

24  000 

.0!t22 

5  000 

.0265 

15  000 

.0605 

25  000 

.0840 

6  000 

.0320 

16  OOJ 

.0635 

26  000 

.0875 

7  000 

.0353 

17  000 

.0650 

27  000 

.0895 

8O0O 

.0395 

18  000 

.0685 

28  000 

.0935 

9  000 

.0435 

19  000 

.0710 

29  000 

.0940 

10  000 

.0475 

20  000 

.0735 

30  0UO 

.0950 

11000 

.0000 

21  000 

.07.50 

31  000 

32  OOO 

.0990 
.1005 

Crushed  at  53  550  pounds. 

No.  14.    1  Portland  cement,  2  parts  sand,  one  year  one  day  old.  Length, 
24.500  inches.     Area,  ISiV'u  square  inches. 

Load. 

Pounds. 

2OU0 

3  000 

4  000 

5  000 

6  000 

7  000 

8  000 

9  000 
10  000 

No.  19.     1  Portland  cement,  8  parts  sand,  one  year  sixteen  days  old. 
Length,  24.500  inches.     Area,  13iVo  square  inches. 


Compression. 
Inches. 

Load. 
Pounds. 

Compression. 
Inches. 

.0025 

11000 

.0255 

.0055 

12  000 

.0285 

.0110 

13  000 

.1)325 

.0135 

14  000 

.0340 

.0150 

15  000 

.0365 

.0160 

16  000 

.0395 

.0175 

17  000 

.0425 

.0195 

18  COO 

.0500 

.1223 

19  000 

.0620  crui 

Load. 

Compression. 

Load. 

Compression 

ounds. 

Inches. 

Pounds. 

Inches. 

2  000 

.0110 

8  000 

.0140 

3  000 

.0175 

9  000 

.0480 

4  000 

.0230 

10  000 

.0545 

5  000 

.0290 

11000 

.0595 

6  000 

.  .0340 

12  000 

.0665 

!7  000 

.0380 

13  000 

.0780 

14  000 

crushed. 

TABLE  No.  '6. 
MoETAR  Cubes  of  National  Portland  Cement  (1  cement  and  3  sand),  forty-six  mouths  old.      Tested  between  steel  faces  packed  with  j^laster  of  paris. 
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No.  OF 
Tests. 

Kind. 

Pkesscbes  peb  Squake  Inch  in 

Pounds. 

Area. 

Square 

100 

200 

300 

400 

500 

600 

700 

800 

900 

1000 

1100 

1200 

1300 

1400 

1.500 

1600 

1700 

1800 

1  900 

2  000 

2  200 

2  400 

2  600 

2  800 

3  000 

Inches. 

160 
161 
.\veragc  con 
12  inches 

Inches. 

8 

8 

ipressionon 

.0008 
.0033 

.0030 

.0012 
.0005 
.0009 

.OOOi 
.0007 

.0005 

.0015 

1 

.0014 
51 

.0048 

18 

14 

.0016 

11 
18 

.0011 

26 

.0020 
63 

.(002 

25 

21 

.0023 

19 
29 

.0018 

34 

.0026 
70 

.0072 

38 

28 

.0033 

27 
35 

.0023 

42 

.0032 
77 

.0031 

45 
34 

.0040 

34 

42 

.0029 
50 

38 
85 

.0002 

51 

40 

.0046 

41 

48 

.0034 
57 

43 
93 

.0102 

58 

45 

.0052 

48 
58 

.0040 

64 

49 
lOO 

.0111 

07 
54 

.0060 

56 
C7 

.0047 

72 

54 

106 

.0120 

72 

62 

.0007 

63 

77 

.0053 
80 

59 
113 

.0128 

77 

70 

.0074 

70 
86 

.0059 

87 

64 
120 

.0138 

82 

77 

.0080 

76 
95 

.0065 

9i 

69 
126 

.0140 

87 

85 

.0086 

86 
103 

.f071 

101 

74 
132 

.0154 

95 

93 

.0094 

95 
114 

.0079 

109 

80 
139 

.0163 

103 

104 

.0104 

103 

125 

.0086 

lis 

87 
146 

.0174 

113 

117 

.0115 

114 
136 

.0094 

127 

94 
153 

.0185 

120 

125 

.0123 

124 
148 

.0102 

13G 

102 
162 

.0193 

129 

135 

.0132 

133 
161 

.0110 

146 

108 
171 

.0209 

140 

149 

.0145 

144 
173 

.0119 

158 

115 
IbO 

.0221 

15  2 

162 

.0157 

157 
184 

.0123 

169 

122 
194 

.0237 

167 

178 

.0173 

172 
203 

.0141 

186 

140 
218 

.0269 

198 

217 

.0208 

196 
234 

.0161 

213 

101 

2  586 
2  370 

2  478 

2  472 
2  39B 
2  434 

2  501 
2  533 

2  520 

64  96 

64.12 

144  60 

290 

144  24 

144.42 

161        16 

246 
284 

.0199 

244 

259.85 

165        16    1 

267.92 

Average  com 
12  inches. 

Total  averag 
sion  on  6  c 

pression  on 

258.88 

e  compres- 
ubes 

2  411 

Concrete  Cubes  of  National  Poetland  Cement  (1  cement,  3  sand  and  6  broken  stone),  forty-six  months  old. 


17.) 

171  1 
Average  compression  on 

12-lnch  length... 

172  12 

173  I  12 
Average  12  inches. .. 

174  16 
173          I           16 

Average  compression  on 
12  inch  length 

Total  average  compres- 
sion  


.0041 
.0013 

4S 
24 

56 
32 

62 

38 

66 
44 

.0040 

.0054 

.0066 

.0075 

.0083 

.0014 
.01)16 
.0015 

.0026 

31 

.0028 

.0031 

44 

.003S 

.0040 

56 

.0018 

48 

64 

.0036 

.01)11 
.0014 

21 
22 

29 
30 

36 

40 

48 
48 

.0010 

.0015 

.0023 

.0029 

.0036 

.0022 

33 

42 

51 

58 

71 
.0063 


81 
64 

84 
71 

f-9 

77 

95 
84 

lOO 
92 

105 
101 

110 
111 

no 

121 

123 
133 

132 
146 

140 
162 

148 
179 

158 
199 

.0109 

.0117 

.0125 

.0135 

.0144 

.0154 

.0166 

.0178 

.0192 

.0208 

.0220 

.0246 

.0268 

72 

85 

.0079 

80 

82 

.0086 

88 

101) 

.0094 

99 

107 

.0103 

116 

114 

.0115 

136 

123 

0.130 

160 

131 

.0145 

190 

139 

.0165 

220 

147 

.0184 

250 

158 

.0204 

280 

170 

.02.!5 

311 

177 
.0244 

314 

190 

.0267 

71 

66 

78 
73 

87 

82 

96 

bS 

106 
96 

118 

108 

129 
115 

142 

124 

151 
138 

178 
150 

188 
158 

206 
168 

228 
186 

.0052 

.0057 

.0064 

.0069 

.0076 

.0085 

.0092 

.0100 

.0108 

.0123 

.0130 

.0140 

.0155 

80 

87 

92 

102 

112 

123 

134 

148 

161 

178 

194 

210 

230 

436 

229 

.0333 

258 
216 

.0182 

273 


205 
256 

246 
293 

300 
360 

405 
480 

3  059 
2  994 

.0346 

.0408 

.0495 

.0663 

3  027 

530 

2  540 
2  840 
2  690 

2  880 

3  077 

281 
04OO 

339 

410 

352 

272 

424 
31'8 

594 
370 

'"iee" 

.0234 

.0255 

.0362 

2  979 

327 

2  899 

ri 
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TABLE  No.  5. 
Cubes  of  Kosendale  Cement  Concbete  (1  cement,  3  sand  and  6  broken  stone);  forty-six  months  old. 
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No.  OF 
Test. 


Pressure  in  Pounds  per  Squabe  Inch. 


Inches. 
150 
151 

Average  compression  on 
12  inches 


152  i  12 

153  I  12 
Average  compression  on 

12  inches 

]5t  I  16 

155  I  16 

Average  compression  on 

12  inches 

Average  compression  of 
all 


100 


.0071 
.0.028 


.0017 
.0U18 


.0100 
.0050 


.0133 


.0040 
.0038 


.0018   .0039 


.0032 
.0025 


.0022 
.0038 


.0062 
.0015 


.0041 
.0064 


.0121 
.0070 


.0144 


.0055 
.0054 


.0090 
.0065 


.0059 
.0086 


.0149 
.0090 


.0077 
.0074 


.0120 
.0085 


.0077 
.0111 


.0175 
.0110 


.0110 
.0096 


.0103 


.0147 
.0120 


.0100 
.0139 


.0209 
.0140 


.0163 
.0141 


.0189 
.0168 


.0134 
.0182 


.0266 
.0177 


.0333 


.0328 

.0280 


.0242 
.0270 


.0112 
.0274 


.0374 
.0270 


.0337 
.0499 


.0303 
.0393 


1000 


1  200 


Ultimate. 


1  cement,  2  sand,  3  gravel  and  4  broken  stone;  twenty-two  months  old. 


I        177          I          10 
Average  compression  on 
12  inches 


109 
113 


Average  compression  ont 
12  inches ] 

115  I  18 

Average  compression  on 

12  inches 

Average  commvssion  of 

all ". 


.0011 
.0013 
.0026 
.0029 
.0022 
.0033 
.0022 
.0021 


.0030 
.0036 
.0050 
.0048 
.0036 
.0062 
.0042 
.0C41 


.0050 
.0060 
.0070 
.0069 
.0052 
.0087 
.0058 
.0060 


.0068 
.0082 
.0097 
.0089 
.0067 
.0109 
.0073 
.0030 


.0088 

.0110 

.0106 

.0132 

.0126 

.0153 

.0119 

.0163 

.0089 

.0122 

.0144 

.0179 

.0096 

.0119 

.0104 

.0131 

.0141 
.0169 
.0199 
.0^38 
.0177 
.0223 
.0149 
.0174 


.0182 
.0220 
.02.53 
.0360 
.0270 
.0303 
.0202 
.0236 


.0240 
.0288 
.0335 
.0518 
.0.389 
.0430 
.0287 
.325 


.0335 
.0402 

.0187 


.0680 


.0670 
.0447 
.0445 


1  cement,  U  sand  and  6  broken  stone;  forty-six  months  old. 


130  8 

131  I  8 
Average  compression  on 

12  inches 


132          I          12 
13 i          I          12 
Average  compression  on 
12  inches 


[-  134  1  16 

Ik  135  I  16 

YAverage  com  press!  i  n  on 

*  12  inches. 

^Average  compression  of 
;,  all 


.0028 
.0050 


.0015 
.0027 


.0039 
.0020 


.0023 
.0034 


.0040 
.0080 


.0090 


.0030 
.0057 


.0044 


.0057 
.0040 


.0037 

.0057 


.00.50 
.0095 


.0040 
.0090 


.0070 

.oo;l 


.0046 

.0073 


.0060 
.0110 


.0128 


.0058 
.0110 


.0082 
.0070 


.0057 
.0089 


.0075 
.0129 


.01113 


.0071 
.0130 


.0101 


.0095 
.0085 


.0068 
.0107 


.0089 
.01.50 


.0030 
.0145 


.0118 


.0110 
.0106 


.0081 
.0120 


.0105 
.0171 


.0112 
.0164 


.0131 
.0200 


.0142 
.0197 


.0138  ;  .0170 


.0130 
.0130 


.0098 
.0148 


.0162 
.0159 


.Olvl 
.0180 


.0165 
.0234 

.0212 
.0273 

.0275 
.0322 

.os.'ig 

.0374 

.0300 

.0364 

.0448 

.0.5.50 

.0172 
.0221 

.0218 
.0260 

.0268 
.0316 

.0336 
.0352 

.0197 

.0239 

.0292 

.0314 

.0205 
.0196 

.0272 
.0259 

.0375 
.0330 

.05:10 
.0488 

.0151 

.0200 

.02C5 

.0382 

.0216 

.0268 

.0335 

.0425 

.0471 
.0441 


.0410 
.0417 


.0760 
.0622 


.0518 
.0535 


.0600 
.0900 


.0560 
.0518 


.1011 

.0873 


.0706 
.0715 


i 
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TABLE  No.  6. 
Bbick  Piebs  Laid  in  Cement  Moktab.     Compressions  given  for  12  inolies  length  iu  inches. 


PRESSUIIE.S  IN  Pounds  per  Square  Inch. 


100 

200 

.0016 

.0030 

0001 

6 

0001 

7 

0001 

6 

0001 

G 

0001 

6 

0008 

20 

0005 

12 

0007 

16 

0002 

10 

0002 

8 

0001 

6 

0001 

10 

0000 

3 

1000     1100    1200    1300    1400    1600    1600    1700     1800    1900    2  000    2  200    2  400    2(600    2  800    3  000    3  200    3  600 


e  o  5 
^  D  S 


Sq.  In. 
57.76 

26.6 
138.06 
132.26 
57.76 


1  Portland  to  2  sand. 


1887 
2  003 
2  253 
2  249 


Common. 
Face. 


ge  at  23  to  24  months. 


--■'.  12  23.60    23.50    132.25 

■is:  I       16       I I  31  86|  256. 

Average  at  18^  moutbs 

301 


12 

73| 

60. 

30 

A 

13 

72  > 

60. 

3D 

A 

12 

72,»„ 

60. 

29 

A 

12 

733 

60. 

30 

fB 

12 

72 

60. 

30 

tB 

20i 
19J 


Face. 
Common. 


1646 
1972 
1792 
1411 
2  376 


1  Bosendale,  2  lime,  6  sand, 

"  2  sand. 

1  Portland,     2  sand. 

•'  2Ume,  6sand. 

Neat  Portland. 


Tebba  Cotta  O^lindee. 


*^fo 


72        96     Fluted  terra  cotta  cylinder  of  8  segments,  each  6^  inches  high,  joined  bj  cement,  15^  outside  diameter,  with  5^^,  inches  core. 


881     Compressive  strength  of  segments  was  3  432  pounds. 


TABLE  No.   7. 
Bbick  Piebs  Laid  in  Lime  Mortar  (1  lime  and  3  sand).     Compressions  given  for  12  inches  length  in  inches. 
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fa-2         M        oW 

S5,       g      g 

Y.          J.             HO 

CO 

ii 

i 

H 

< 

Pbessubes  in 

Pounds  per 

Squ.\iie  Inch 

w  *  z 

«   0!   H 

H  g  < 

Kinds  of 
Bmck. 

PiKR,  How  Built. 

100 

200 

300 

400 

600 

600 

700 

800 

900 

1000 

1100 

1200 

13:o 

1400 

1500 

1600 

1700 

1  800 

1  900  1  2  000 

1 

2  200 

2  400 

h            S.J.  in. 
L  11          8 
i    10  <         8 
piverage  at  15 

lu.       In.      Sq.  in. 

1G>8'        67. 

....    16.48     60.8 

7 
7 

In. 

Months. 
15 
15 

.0061 
.0160 
.0101 

.0021 
.0052 
.0050 
.0015 
.0063 
.0038 

.0010 
.0007 

.0005 

.0007 

.0003 
.0005 
.0004 
.0002 
.0004 
.0002 
.0001 
.0000 
.0000 
.0002 

.0098 

244 

.0171 

67 
109 
138 

fiO 
133 

99 

61 

22 

27 

33 

12 
26 
20 
17 
24 
13 
17 
24 
19 
19 

.0149 
322 
236 

94 
158 
226 
130 
200 
162 

100 
60 

60 

73 

31 
71 
64 
62 

109 
38 
61 

103 
93 
68 

.0195 
393 
29.5 

131 
206 
316 
198 
274 
225 

152 
110 

94 

118 

66 
116 
153 
113 
216 
81 
88 
202 
162 
129 

.0246 
462 
354 

168 
259 
404 
260 
339 
286 

207 
168 

129 

165 

105 
163 
188 
175 
356 
131 
122 
306 
249 
199 

.0289 
628 
409 

213 
307 
498 
344 
410 
364 

263 
212 

161 

212 

14fi 
213 
255 
242 
650 
182 
169 
384 
332 
274 

,0329 
582 
466 

252 
374 
603 
439 
606 
435 

332 
281 

197 

,  270 

17.i 
266 
329 
301 
650 
240 
193 
634 
413 
344 

.0103 
646 
525 

324 
429 
673 
540 
546 
602 

382 
326 

233 

313 

212 

329 
410 
372 
739 
295 
232 

.0453 
712 
683 

381 
618 
763 
630 
632 
586 

.0500 
766 
633 

438 
662 
856 
742 
736 
667 

.0537 
824 
691 

622 
624 
932 
838 
826 
748 

.0616 
926 
771 

6'n 
682 
979 
931 
933 
831 

.0664 
989 
827 

719 

736 

.1082 

.1038 

.1071 

929 

.0713 

.1072 

893 

771 

798 

.1148 

.1123 

.0766 

.1122 

944 

8S4 
863 

.0861 
.1165 
1013 

.0933 
.1217 
.1075 

.0965 
.1272 
.1114 

.1003 
.1342 
.1173 

.1090 
.1421 
.1236 

.1219 

.1335 

2  520 
2  440 

Face. 
Common. 

Solid. 

Hollow, 
Solid. 
Hollow. 
Solid. 

Hollow. 
Solid. 

Hollow. 
Solid. 

with  interior  space  4> 
(Space  iii  X  iii  in.) 

(Space  4Ji  X  iU  in.) 
(Space  4iVx4,'„  in.) 

10 
10 
10 
10 
10 

18,1^ 
18  }| 
18>i 

1  947 

1  990 
21.30 

2  060 
1370 

Face. 
Common. 
Bay  State. 

•284 

12        22.04 

12        23.90 

12        23.90 

m                   M  in 

113.76 
138.06 
119.68 
1111.11 

926 

986 

x4'.,  in. 

Average  at  18Js 

30 
30 

j    On 

(  edge. . 

X 

20 
20 

1  1.13 
1331 

1211 

Bay  State. 

144. 

15CK 

386 

_267 

329 

263 
381 
498 
438 

418 

292         12           73         50 

448 
294 

320  1         8       1     80     '     60 

57.76 
144. 
144. 
UW, 
138.06 
132.2.1 
115.44 
192. 

96. 

35 
39 
49 
60 
49 
52 
52 
49 
49 

t 
H 

itOii, 

23 

23K 

23K 

24 

24 

24 

24 

24 

24 

1877 

1174 

924 

Face. 
Bay  State. 

Common. 

Face. 

Bay  State. 

325  1       12 

94)4      80 
11B.6    100 
120?^    lOJ 
\\1%    100 
119K    100 
llflSi    100 
120  >S    100 
1205^    100 

327          12 

330          12 

602 

5t6 

638 

700 

788 

331          12 

t 

1118 
1  611 

1807 
773 
940 

332          12 

360 
272 

398 
3U 

457 
365 

510 
398 

334  1       12 

410 

490 

630 

579 

600 

333     12  X  le 

335  t    8x12 

612 

Lverage  at  23  to 

24  months 
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TABLE  No.  9. 
plaster  of  paris  and  tested  between! steel  cushions.     Compressions  in  inches  for  12  inches  in 


Kind. 

FBEfifiDBRS  IN  POUKDS 

PEB  SOD^UIE  IMUH. 

J 

TEei. 

100 

200 

300 

400 

600 

600 

700 

800 

900 

1000 

1100 

1200 

1300 

1400 

1600 

1600 

1700 

1800 

1900 

2  000 

2100 

2  200 

2  300 

2  400 

9  500 

2  600 

2  700 

2  800    2  900 

3  000 

3100 

3  200 

3  300 

3  400 

3  500 

3  600 

3  700    3  800 

3  900 

4  000  ,  4  200 

4  400 

4  600 

4  800 

5  000 

6  200 

5  400 

5  000 

5800 

6  000 

6  200 

G400 

6600 

241 

iDcbes. 

8 
S 
8 

.OOIC 
.0012 
.0019 

.0024 

.'0U2« 
.0025 

a 

.0032 
.0022 
0018 
0024 
24 

.0022 
.0022 

!0020 
.0022 

.0034 
0021 
0035 
1017 
27 
22 

! 

41 
28 
9S 

46 
47 

49 

i' 

48 
49   1 

4G  . 
4C 

^^ 

68 
42 
72 
36 
64 
47 

.0077 

65 
66 
62 

71 
67 

76 
91 

71 
71 

71 

100 

107 

81 
72 

.0105 
80 
83 

72 
86 

96 

94 

120 
74 

103 
83 
01 

82 
134 

08 
102 

100 
89 
108 

112 

140 

OS 

J08 

102 
110 

166 
83 
122 
113 

.0163 

107 
127 

127 
146 

168 
114 
107 

12K 

126 
124 

120 
129 

167 

97 
139 
131 

.0179 
137 
132 
120 
142 

170 
131 
144 

102 
127 
122 
115 

143 
139 

137 

185 
131 

162 
148 

.0195 
156 
146 

167 

180 
146 
1(50 

167 

210 
142 
138 
102 

101 
154 
181 

199 
142 
206 

163 

.0208 
188 
167 
1*7 
170 

200 

240 

157 

173 
IBS 

213 
154 
220 

178 

108 
100 
183 

204 
170 

188 

189 

180 
208 

227 
166 
234 
143 

'  195 

133 
195 

245 
186 
202 

284 
182 
169 

208 

204 
182 
221 
184 

241 
177 
248 
154 
.205 
203 

.0244 
205 
192 
187 
207 

269 
197 
310 
246 
232 

305 
193 
179 
210 
222 

219 
206 
234 
196 
213 

266 
188 
262 
164 
217 
216 

.0256 
216 
2(13 
197 
218 

291 
209 

251 
325 

m 

222 
237 

218 
247 
207 
226 

267 

270 

229 
231 

.0263 
228 

209 
227 

311 
219 
239 
275 

247 

247 
230 

219 
239 

283 
211 

186 

243 

.0273 

216 

237 

332 
226 
249 
291 
275 

244 
261 

202 
243 
274 

293 
219 
299 
195 

.0291 
249 
225 
231 
249 

352 
2.W 

305 
289 

336 
234 

256 

276 
255 
287 

303 
227 
309 
204 
261 
268 

.0300 
260 
236 
239 
259 

271 
321 
304 

407 
242 
232 
260 
287 

287 
265 
299 
262 
276 

235 
318 
213 
270 
279 

.0309 
271 
247 
247 
208 

335 
317 

427 
252 
242 

299 

299 
2J4 
310 
202 
286 

324 
243 

290 

.0317 
280 
256 
257 
278 

411 
269 
202 

331 

447 
262 
253 
289 
313 

309 

320 
272 
296 

336 
261 

231 

301 

.0325 
291 

287 

425 
276 
302 
362 
341 

408 
272 
264 
300 
326 

305 

345 
2.59 
347 
240 
298 
311 

.0336 
299 
373 

449 
289 
312 
377 
357 

482 
281 
274 
308 
336 

340 
290 
315 

355 
267 
357 
249 
307 
322 

.0343 
309 
283 
289 
300 

467 
300 
324 
392 
371 

497 
290 
293 
313 
347 

340 
310 
351 

32.5 

366 
274 
366 
250 
316 
333 

.0351 
300 

310 
335 
407 
383 

611 

299 
293 
320 
357 

351 
319 
362 
3((9 
335 

374 
282 
370 
264 
324 
345 

1 

495 

315 
422 
396 

520 
308 
302 
336 
305 

362 
328 
373 
319 
345 

385 
271 

540 
317 
312 
344 
378 

37J 
337 
382 

341 

329 
342 

522 
342 

389 

381 
347 
392 
342 
365 

402 
308 

349 
373 

.0387 

339 

639 
3-,2 
376 

569 
335 
332 
382 
399 

391 
356 
401 
353 
375 

411 
314 
413 

383 

.0392 
363 
336 
347 
359 

655 
361 
385 
476 
444 

583 

341 
372 
410 

401 
306 
411 
304 
385 

421 
332 
422 
301 
360 
393 

.0399 
371 

356 
367 

669 
371 
396 
480 
156 

693 
353 
360 
380 
420 

400 
375 
419 
370 
395 

431 
329 
431 
303 

403 

.0405 

351 

376 

682 
380 
407 
600 
467 

612 

390 
430 

420 
384 

387 
405 

411 
316 
439 
310 
383 
412 

383 

696 
390 
416 

479 

623 
368 
371 
400 
410 

429 
393 
43S 

415 
422 

.0427 
390 
372 
380 

609 

427 
527 
491 

631 
370 
382 

451 

433 
403 
447 
411 
425 

460 
332 

.0437 
401 
381 
389 

z 

412 
437 
511 
503 

641 
388 
302 

461 

418 

457 
423 
435 

470 
367 
466 
310 
408 

.0413 
413 
SOI 
399 
413 

490 

655 
396 
403 

171 

467 

416 

480 
364 
474 
318 
416 
452 

.0457 
121 

400 
408 
423 

666 

666 
106 
114 
442 

167 

178 

157 

400 
372 

356 
426 
462 

.0468 
435 
109 
420 

656 
410 
467 
679 
635 

677 
113 
125 
152 
192 

177 
411 
489 
467 
468 

500 
331 
496 
365 
435 

.0477 

419 
429 

669 
452 

691 

638 
430 

481 

510 
390 
507 
375 
446 
483 

.0488 
457 
427 
410 
453 

609 

446 
473 

496 

497 
190 

520 
399 
518 
384 
455 
494 

.0139 
467 
430 
451 
463 

690 

709 

484 
523 

500 

501 

530 
407 
530 
393 
405 
504 

.0521 
479 
441 

.177 

701 

607 

,720 

615 
173 

521 
511 

541 
416 
541 
403 
475 
615 

.0349 
460 

198 

724 
504 
629 
651 
602 

712 
4-2 
488 

555 

550 

565 
421 
496 
537 

.0570 
524 
484 
500 
621 

760 

548 

578 

581 
.550 

575 
464 
593 
443 
516 
557 

.0605 
547 
601 
621 
641 

775 

670 

646 

780 

.526 

598 

675 

591 
607 
678 

591 
171 
621 
465 
538 
681 

.0610 

671 
60(7 
641 
666 

794 
565 
587 
722 

6in 

798 
537 
630 

631 

£96 
561 
611 
C3t 

m, 

IS 
«1» 

4ST 
699 

60> 

"599' 
539 
669 

"62i' 
659 
591 

"653' 
677 
611 

"m 

6(H) 
640 

0  219'  03.84 

636 
673 

676 
703 

6  010 
6  152 

9 

9 
9 

10 
10 

11 
11 

12 
12 
12 

5  770 

6  989 
7886 
S4»l 

5  210 

6  638 
8032 
6463 

6603 
6  452 
«410 
6  270 

6679 
6  556 
6  333 
6  621 

591 
751 

822 

570 

632 
617 

'507' 

619 
639 
771 

"ssf 

"628" 


639 
64S 

786 

"oil' 

673 

"sis' 


659 
60O 

"635' 

680 
575 

"659' 

705 
690 

a....' 

.0707 

.irioi 

.0726 

.0739 

81.51 
81.00 

99.80 
98.O0 
99.60 
89.80 

Areragfi 

121.66 
121.00 
122.C5 

S 

141.00 
1M.52 
112.32 

kverage  ot  20 

cubes.... 

1 

Pier  of  three  12-inch  cubes 

.     Lengtl,  36.06  inches. 

107   123   1:1! 


396   »03   309   316 


328   335   341   347   351 


437    46) 5  222  143.24 
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THE  MANUFACTURE  OF  BRICK. 


I. — The  Bkick  Industry  about  New  York  City.    By  Calvin  Tomkins. 
II. — Brick  Manueacture  near  Chicago.     By  D.  V.  Purington. 
TTT. — Slate  Bricks.     By  Jose  R.  Villalon. 

IV. — Note  on  Brick  M.\king   in  Sinaloa,  Mexico,     ^y    Senor  Don 
Fran.  Sosa  y  Avela. 
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THE  BRICK  INDUSTRY  ABOUT  NEW  YORK  CITY. 


By  Calvin  Tomkins,  Assoc.  Am.  Soc.  C.  E. 
Bead  March  16th,  1887, 


The  Dutclimen  who  came  to  New  Yqi-k  brought  their  bricks  with 
them,  and  it  was  not  till  the  financial  depression  which  succeeded  the 
Eevolutionary  War  had  passed  away  that  the  manufacture  of  brick  was 
established  in  this  vicinity. 

Previous  to  the  present  century  what  few  bricks  were  used  for  the 
better  class  of  structures  continued  to  be  imported  at  ballast  rates  from 
Holland  and  England.  The  freight  being  nominal,  the  cost  would  not  be 
so  great  as  might  at  first  be  supposed. 
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'  These  old  bricks  are  of  a  yellow-red  color,  smaller,  and  in  particular, 
thinner  than  the  average  brick  now  used.  When  fractured,  they  indi- 
cate the  presence  of  an  excess  of  loamy  clay  and  an  insuflficiency  of  sand. 
They  generally  appear  to  be  under-lnirnt.  As  a  rule  they  are  in  a  good 
state  of  preservation,  which  is  largely  to  be  attributed  to  the  custom  of 
painting  the  exposed  surfaces.  Some  of  the  bricks  in  the  Treason  Hill 
House,  near  Haverstraw,  are  stamj)ed  Haverstraw,  1772,  and  it  is  prob- 
able that  the  industry  was  irregularly  carried  on  along  the  Hudson  and 
North  Jersey  shores  for  some  time  previous  to  1815,  when  James  Wood 
left  Sing  Sing,  where  he  then  made  brick,  and  started  a  brick-yard  at 
Haverstraw.  It  is  to  the  enterisrise  of  this  man  that  the  manufacture  of 
brick  owes  its  first  impetus. 

In  1826  he  introduced  the  custom  of  mixing  anthracite  dust  with  the 
clay  before  molding.  As  a  result  of  this  improvement,  the  time  neces- 
sary to  burn  a  kiln  of  brick  was  reduced  from  a  i^eriod  of  two  weeks  or 
more  to  one  week;  the  quantity  of  cord  wood  required  was  cut  down 
three-fourths;  and  the  expense,  total,  of  a  burn  reduced  to  two-fifths  of 
the  former  cost.  The  green  bricks  being  sufficiently  porous  to  admit  air 
to  the  particles  of  coal  dust,  cause  the  brick  to  burn  equally  throughout; 
and  the  wood  now  burnt  under  the  arches  is  simply  that  which  is  neces- 
sary to  raise  the  temperature  of  the  brick,  and  maintain  it  at  a  jioint 
where  the  coal  will  ignite.  Mr.  Wood  secured  a  patent  on  his  process, 
but  was  not  able  to  resist  the  combined  pressure  of  other  manufacturers 
who  adopted  his  methods,  and  who  at  last  began  to  realize  a  fair  return 
from  the  industry.  The  quality  of  bricks  improved  while  prices  fell  off, 
and  a  growing  demand  In-ought  about  an  increased  output,  which  still 
continues  to  run  up  the  totals  of  the  yearly  product. 

In  1849  the  first  steam  molding  machines  were  introduced  by  Yer 
Valen  of  Haverstraw.  These  early  machines  were  very  defective,  but 
improvements  were  soon  made,  and  the  old-time  process  of  molding 
by  hand  has  long  since  been  discarded.  With  the  exception  of  the  two 
changes  just  noticed,  the  methods  of  brick-making  have  practically  re- 
mained unchanged  in  this  vicinity. 

Bricks  Avhich  come  to  the  New  York  market  are  classed  as  follows, 
according  to  locality,  viz. : 

Ilarers/raws,  which  include  all  bricks  made  on  the  Hudson  below  the 
Highlands. 

Up  Rivers,  or  those  made  on  the  Hudson  above  the  Highlands. 


THE    MANUFACTUEE   OF   BRICK.  283 

Jerseys,  which  are  manufactured  along  the  north  coast  of  New 
Jersey. 

HacJcetisacks,  which  are  manufactured  on  the  Hackensack  Kiver  near 
Hackensack,  N.  J. 

Long  Islands,  which  are  manufactured  along  the  north  shore  of  Long- 
Island. 

Staten  Islands,  which  are  manufactured  along  the  Freshkills  of  Staten 
Island. 

Front  bricks  are  sold  here  from  Philadelphia,  Trenton  and  Baltimore, 
and  a  second-class  front  is  made  on  the  Hudson  at  Verplanks  and 
Croton.     These  last  are  known  as  Croton  fronts. 

Fire-bricks  and  the  hollow  bricks  used  for  fire-jDroofing  buildings 
are  made  in  the  district  about  Woodbridge,  N.  J.,  and  on  Staten 
Island. 

Buff-colored  bricks,  such  as  were  used  in  the  construction  of  the 
Cotton  Exchange  and  Post  Buildings  of  this  city,  are  made  of  clays  de- 
posited about  Amboy  and  Sayerville,  N.  J.,  and  Glens  Falls,  N.  Y., 
which  are  comparatively  free  from  the  oxides  of  iron. 

Excellent  enameled  bricks  of  various  colors  are  made  at  Croton. 

Clay  is  defined  as  a  silicate  of  alumina  containing  an  excess  of  free 
silica.  It  is  primarily  caused  by  the  action  of  carbonic  acid  and  water 
present  in  the  atmosphere,  which  combine  with  alkalies  of  the  feldspar 
in  granitic  rocks.  Weathering  accelerates  the  decomposition;  the  solu- 
ble products,  consisting  of  alkaline  carbonates,  being  washed  away, 
leaving  the  clay.  The  clay  about  New  York  is  generally  superimj^osed 
on  rock  or  gravel,  and  is,  as  a  riile,  overlaid  with  sand,  which  is  as  neces- 
sary as  clay  to  the  manufacture  of  good  brick. 

The  north  shore  of  Long  Island,  from  Glen  Cove  to  Greenport,  is 
girt  with  meadows  and  headlands  of  drift.  These  deposits  of  clay  and 
sand  are  worked  at  or  near  Locust  Valley,  Cold  Spring,  Huntington, 
Greenlawn  and  Northport. 

The  Long  Island  clays  are  variegated  in  color,  and  the  bricks  made 
from  them  are  of  excellent  quality  when  proper  care  is  taken.  Few, 
however,  come  to  the  New  York  market,  and  then  only  when  other 
bricks  are  scarce.  The  output  is  not  large,  and  is  principally  absorbed 
by  the  towns  of  Long  Island  and  those  located  along  the  Connecticut 
shore.  ' 

Bricks  of  good  quality  have  recently  been  made  at  Fisher's  Island, 
and  many  of  them  have  been  used  in  the  construction  of  the  new  aque- 
diict. 

Few  bricks  are  made  along  the  shore  of  Connecticut,  but  a  few  miles 
back  from  the  coast  good  bricks  are  made  and  shipped  by  rail  to  neigh- 
boring towns. 

Three  or  four  small  yards  are  located  on  the  Freshkills  at  Staten 
Island.     Their  output  is  small,  of  inferior  quality,  and  gray  in  color. 
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Tliey  are  only  shipped  in  the  winter  season  when  ice  interferes  with 
shipments  from  other  points. 

The  bricks  made  along  the  coast  of  New  Jersey  about  Keyport,  South 
River,  and  [Perth  Amboy,  are  of  very  irregular  character.  The  trade 
divides  them  into  four  classes,  known  respectively  as 

Dark  hards,  which  have  been  highly  burned,  are  very  dense,  and  of  a 
dai'k  red  color. 

Light  hards,  which  have  not  been  subjected  to  such  an  intense  heat 
in  the  kilns  as  the  former  class,  and  which  are  lighter  in  color,  but  still 
hard  and  durable. 

Orays,  which  may  be  considered  as  under-burnt  bricks,  or  bricks 
made  from  clay  not  containing  sufficient  ferruginous  matter  to  afford  a 
proper  color. 

Sulphur  bricks,  which  are  made  from  clay  containing  an  excess  of 
pyrites,  and  which  are  more  or  less  swelled,  warj^ed,  or  spotted  by  the 
oxidation  of  this  comj)ound  during  ignition. 

Nearly  all  of  the  bricks  known  as  Jerseys  show  evidences  of  the  pres- 
ence of  sulphate  of  iron  in  the  clays  of  which  they  are  made,  and  this  is 
the  most  serioiis  objection  that  can  be  raised  against  them.  Unless  oxi- 
dation of  the  jiyrites  is  comjileted  diiring  the  process  of  burning  it  will 
continue  in  the  presence  of  the  air,  and  is  likely  to  impair  the  strength 
of  the  brick  by  expansion,  resulting  in  unbalanced  stresses. 

The  bluish-black  spots  and  vitrified  blotches  which  affect  the  surface 
more  or  less  of  all  these  bricks,  are  due  to  the  same  cause,  and  for  this 
reason  they  are  generally  unfitted  for  wall  work,  where  appearance  is  a. 
consideration. 

As  a  rule,  Jersey  bricks  are  rough  and  not  so  well  made  as  the 
Hackensacks  and  those  made  in  the  upper  and  lower  Hudson  valleys. 
The  lack  of  i^lenty  of  good  accessible  sand  in  the  vicinity  of  these 
brick-yards  occasions  the  use  of  a  larger  proportion  of  clay  to  sand  than 
is  generally  employed  elsewhere,  and  causes  the  brick  to  shrink  and 
sometimes  to  warp  slightly.  However  shrinkage  is  made  up  for  by  in- 
creasing the  sizes  of  the  moulds,  and  these  bricks  are  fully  as  large,  if 
not  larger,  than  the  average  brick.  Many  of  these  yards  produce  a 
strong,  tough  brick. 

Great  imj^rovements  have  been  made  in  the  process  of  manufacture, 
and  the  industry  is  probably  more  rationally  jiursued  in  this  section 
than  elsewhere. 

The  principal  change  afiected  has  been  the  use  of  coal  under  the 
arches  in  place  of  wood. 

The  best  Jersey  bricks  are  frec^uently  jsreferred  on  accoixut  of  their 
greater  density. 

A  brick  is  now  being  manufactured  by  a  new  process  near  Keyjiort, 
Avhich  shows  no  sulphur  spots,  which  appears  to  bo  regularly  made,  and 
in  which  verv  little  sand  is  used.     It  is  not  as  Tet  on  the  market. 
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Fifteen  years  ago  few,  if  any,  brick  were  made  at  Hackensack.  Now 
a  number  of  large  yards  are  engaged  in  the  business.  The  bricks 
are  a  good  uniform  red  color  and  contain  more  sand  than  Jerseys. 
While  they  are  a  fine  appearing  brick,  they  frequently  lack  strength,  and 
unless  handled  carefully  are  liable  to  considerable  breakage.  They  are 
well  liked  by  the  city  builders,  and  the  facilities  for  manufacture  are 
about  to  be  largely  increased. 

Bricks  are  made  at  Mechanics ville  and  other  points  along  the  canal 
above  Albany,  but  rarely  come  to  this  market.  Like  those  made  about 
Greenbush  and  Albany  they  are  rough  and  generally  not  over  strong. 

At  Coeymans,  Castleton,  and  Trust  Camp  a  few  bricks  ai"e  made,  and 
they  are  fair  in  quality,  but  inclined  to  brittleness,  which  is  the  distin- 
guishing characteristic  of  all  up  river  brick. 

Athens,  Hudson,  and  Coxsackie  bricks  are  of  a  gray-red  color;  as  a 
rule  not  well  made,  nor  very  strong. 

The  Hudson  bricks  generally  burn  a  dirty  yellow-red  color,  and  have 
a  somewhat  mottled  appearance. 

Glasco  bricks  are  of  better  quality,  but  of  a  gray  tinge,  and  not  care- 
fully made. 

The  Catskill  bricks  are  probably  the  strongest  which  come  to  the  New 
York  market.  They  are  in  good  demand,  biit  the  manufacturers  are  not 
sufficiently  careful,  and  regard  quantity  rather  than  quality.  If  care- 
fully burnt  the  color  is  a  good  red,  but  through  carelessness  the  right 
shade  is  not  generally  attained,  and  the  bricks  as  a  consequence  burn  a 
light  salmon-red. 

Good  sand  is  scarce  at  Catskill,  and  a  large  portion  of  what  is  used  is 
scowed  up  from  below  the  Highlands.  As  a  natural  consequence  less 
sand  is  used  with  the  clay.  This  is  one  of  the  reasons  for  the  superior 
strength  of  the  bricks.  The  same  cause  contributes  to  the  density,  and 
consequent  strength,  of  certain  of  the  Jersey  bricks.  The  bricks  shrink 
in  burning  however;  are  somewhat  smaller  than  an  average  brick,  and 
cannot,  even  with  care,  be  made  as  squarely  as  if  more  sand  should  be 
used.  The  main  cause  of  the  strength  of  these  bricks  is  said  to  lie  in 
the  clav,  and  probably  this  is  the  true  explanation. 

Bricks  from  Saugerties,  Port  Ewen,  and  Kingston  are  generally  well 
made  and  of  good  shape.  This  is  esisecially  true  of  those  coming  from 
the  latter  place.  The  j^revailing  color  is  gray,  excepting  the  Port  Ewen 
bricks,  which  are  a  good  red. 

There  is  an  excess  of  quicksand  in  most  of  these  clays,  and  the  result- 
ing bricks  are  quite  brittle.  The  yards  along  Newburgh  Bay  put  out 
the  best  up  river  bricks.  In  fact  for  the  last  few  years  they  have  approxi- 
inated  both  in  price  and  quality  to  Haverstraws.  The  color  is  a  good 
solid  red.  The  bricks  are  well  made  and  considered  to  be  nearly  as 
strong  as  those  made  further  down  the  river. 

The  Haverstraw  influence  has  made  itself  felt  here  more  than  else- 
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wliere,  and  many  of  the  yards  are  managed  by  men  who  have  migrated 
from  the  lower  bay,  and  who  have  been  accustomed  to  the  more  careful 
manipulation  of  clay.  These  bricks  are  known  as  New  Windsors,  made 
two  miles  below  Newburgh ;  Mud-hole  brick,  made  two  miles  above 
Newburgh;  Fishkills,  Low  Points,  and  Dutchess  Junction  brick. 

In  discussing  the  quality  of  brick  as  related  to  locality,  what  is  stated 
miist  be  received  in  a  very  general  sense,  since  local  advantages  or 
disadvantages  are  treated  in  very  different  ways  by  the  manufacturer. 
Good  bricks  are  often  made  by  a  careful  man  out  of  bad  material,  while 
the  reverse  proposition  is  equally  true.  In  fact  bricks  are  sold  on  the 
name  of  the  maker  rather  than  on  the  locality  of  the  yard. 

Good  sand  is  scarce  above  the  Highlands,  and  many  of  the  up  river 
yards  are  supplied  in  whole  or  in  part  with  sand  from  below.  To  the 
lack  of  this  material  is  attributed  the  general  brittleness  which  distin- 
guishes with  few  exceptions  up  river  brick.  It  must  be  added,  however, 
that  cai'elessness  is  also  a  primary  cause.  Brick  manufacture  can  be 
conducted  for  only  six  months  of  the  year,  and  the  demand  comes  with  a 
rush  which  sweeps  up  bad  as  well  as  good  brick  in  ordinary  years,  and 
in  sisecially  prosperous  years  cannot  find  a  sufficiency.  When  this  is 
recalled,  it  will  be  remarked  how  great  the  tendency  must  be  towards 
quantity  rather  than  quality.  Besides  the  demand  for  the  best  brick 
is  not  great.  The  speculative  building  interest  which  constructs  most 
of  the  city  will  use  what  the  law  allows  if  it  cannot  do  better  on  the  sly. 
All  the  pale  brick  and  lammies  are  supposed  to  go  to  Brooklyn,  where 
the  law  is  more  considerate.  Architects  as  a  rule  specify  "  l)est  Haver- 
straw  brick,"  but  are  liable  to  be  lax  in  their  inspection,  and  receive 
whatever  comes.  Engineers  generally  introduce  the  same  clause,  and 
if  they  insist  will  obtain  what  is  called  for. 

Of  all  the  common  brick  other  than  fronts  which  come  to  New  York 
City,  those  made  along  Haverstraw  Bay,  from  the  Race  down  to  Sing- 
Sing,  are  considered  the  liest,  and  the  highest  prices  are  realized  for 
them. 

Poor  bricks  as  well  as  good  bricks  are  made  through  carelessness 
along  this  reach  of  the  river;  but  the  fact  remains  that  the  average  brick 
made  here  is  superior  to  brick  made  at  other  points.  This  is  due  princi- 
pally to  two  causes  : 

First. — The  tempering  sand  in  this  section  is  abundant  and  of  the 
best  quality,  and  the  clay  is  also  said  to  be  superior. 

Second. — The  experience  of  brick-makers  counts  for  more,  as  the  in- 
dustry has  been  of  longer  standing. 

Generally  speaking  these  bricks  possess  a  finer  finish  and  are  more 
regular  in  form  than  those  made  elsewhere.  The  color  is  usually  a  good 
uniform  red,  and  they  are  stronger  than  other  bricks. 

I  shall  now  proceed  to  describe  the  brick  industry  as  it  exists  along 
the  shores  of  Haverstraw  ]5ay.    With  few  excejjtions  the  method  followed 
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here  is  adhered  to  by  the  brick-makers  in  the  localities  I  have  already 
mentioned. 

Deposits  of  clay  in  this  section,  when  adjacent  to  navigable  water, 
possess  a  high  value.  They  can  seldom  be  bought,  as  the  owners  prefer 
to  receive  the  royalties  for  the  clay  used  per  thousand  bricks  made.  The 
bank-owners  are  in  most  instances  retired  brick-makers;  well-to-do  men 
who  jjrefer  the  assured  income  of  a  landlord's  position  to  the  anxiety 
and  hard  work  incident  to  the  proper  management  of  a  brick  yard. 

The  brick  plant,  consisting  of  machinery,  docks,  sheds,  etc.,  goes 
with  the  use  of  clay  and  sand,  and  all  are  included  under  one  royalty. 
The  lessee  also  binds  himself  to  make  not  less  than  a  certain  quantity 
l^er  annum. 

Royalties  along  Haverstraw  Bay  average  fully  one  dollar  jjer  thou- 
sand bricks  made.  Some  yards  laboring  under  natural  disadvantages, 
such  as  long  hauls,  inferior  or  no  plant,  wet  clay  pits,  etc. ,  range  as  low 
as  fifty  cents,  and  some  specially  favored  yards  bring  the  owners  one 
dollar  and  fifty  cents  per  thousand.  Up  river  yards,  with  the  exception 
of  those  along  Newburgh  Bay,  command  lower  rents.  These  latter  l)riug 
in  nearly  the  same  returns  that  the  Haverstraw  yards  do,  while  the 
limit  of  others  is  an  approximation  to  the  interest  which  will  maintain 
the  j)lant.  Staten  Island,  Long  Island,  Jersey,  and  many  of  the  up 
river  yards  are  worked  as  a  rule  at  first  hands,  the  margin  not  yet  being 
sufficient  to  admit  of  two  jaroflts. 

To  illustrate  the  value  of  brick  clay  in  situ,  I  would  instance  the  ex- 
perience of  the  North  River  Construction  Company  in  acquiring  the 
right  of  way  for  the  West  Shore  Railroad  back  of  Haverstraw.  The 
line  here  runs  through  clay  land  situated  over  a  mile  back  from  the 
river,  and  yet  the  company  found  it  necessary  to  pay,  for  what  they  ex- 
pected to  obtain  at  farm  land  valuations  by  the  acre,  four  cents  per 
cubic  yard  for  sand  and  clay,  over  a  strip  sixty-six  feet  wide  at  tlie  sur- 
face and  extending  down  to  high  water  mark,  with  a  slope  of  1  to  2. 

The  Haverstraw  blue  clay  is  generally  overlaid  with  a  thin  layer  of 
yellow  clay,  which  is  mixed  with  the  blue  before  moulding,  and  which 
assists  in  giving  to  the  resulting  brick  a  good  color. 

Frequently  curious  stone-like  concretions,  termed  clay  dogs,  occur 
in  the  upj)er  strata  of  clay,  and  while  they  are  not  found  here  in  suffici- 
ent quantities  to  prove  seriously  detrimental,  they  are  sometimes  ob- 
jectionable. They  consist  of  a  small  mass  of  clay  imi^regnated  with  car- 
bonate of  lime,  which  is  supposed  to  be  conducted  downward  in  solution 
following  the  roots  of  trees  and  plants.  This  saturation  causes  the  sur- 
rounding clay  to  harden,  and  if  introduced  into  the  brick  results  in 
lime. 

After  strij)ping  the  sand,  the  stiflf  clay  is  cut  out  in  benches  and 
carted  to  the  yard.  In  some  instances  before  going  into  the  machines 
the  clay  and  sand  are  tempered  in  what  is  termed  a  circular  pit,  about 
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thirty  feet  diameter  and  two  and  one-half  feet  depth.  A  six-foot  ver- 
tical wheel  revolves  on  a  shaft  which  travels  around  the  pit  and  gi'adu- 
ally  works  inward  from  the  periphery. 

Bricks  made  by  this  method  are  more  homogenous,  and  consequently 
stronger,  but  the  expense  of  manufacture  is  greater.  The  general 
method  followed  is  to  dump  the  clay,  sand  and  coal-dust  in  alternate 
layers  (two  of  each)  into  a  square  sod  jait  16  x  12  x  4  feet.  A  bushel  of 
coal-dust  is  allowed  for  each  thousand  bricks,  which,  roughly  speaking, 
average  from  one-third  to  one-half  sand.  Sand  however  is  not  added 
by  any  constant  rule,  as  the  clays  themselves  contain  more  or  less . 

In  both  instances  the  pits  are  situated  close  to  the  moulding  ma- 
chines, and  the  mud  is  shoveled  directly  into  the  hopper.  Consider- 
able skill  is  required  on  the  part  of  the  shovelers  in  the  sod  pits  to  in- 
troduce the  correct  iDroportions  of  clay  and  sand. 

The  use  of  sand  in  bricks  is  analogous  to  its  use  in  mortal'.  Clay  in 
burning  will  shrink  considerably,  but  when  well  tempered  with  sand 
throughout  the  mass,  continuous  shrinkage  is  broken  up  into  separate 
shrinkages  between  the  grains  of  sand,  consequently  the  original  mould 
form  is  not  impaired,  and  the  internal  stresses  are  equitably  distributed. 

The  sand  itself  remains  inert,  or  only  at  the  highest  temperatures 
submits  to  incipient  vitrifaction  and  fuses  slightly  at  the  surfaces  with 
the  clay.  Its  purpose  is  that  of  a  diluent  used  to  secure  economy, 
strength,  and  symmetry.  The  mud  from  the  pits  is  forced  downwards 
through  the  body  of  the  machine  by  a  screw  movement  into  a  form  of 
six  moulds.  This  form  is  shoved  out  automatically  and  an  empty  form 
inserted  by  hand.  The  bottoms  of  the  moulds  are  not  tight,  but  admit 
air  through  narrow  slits,  so  that  the  green  brick  can  be  easily  dumped. 
A  very  fine  moulding  sand  is  dusted  over  the  inside  of  the  moulds  after 
occasionally  thrusting  them  into  water,  and  before  inserting  them  into 
the  machine.  This  gives  a  finish  to  the  surfaces  of  the  brick,  and  also 
assists  their  rejection  from  the  moulds.  Coloring  matter  is  sometimes 
inserted  in  this  sand.  After  removal  from  the  machine  the  tops  of  the 
moulds  are  struck  off  by  hand,  the  forms  placed  upon  light  trucks, 
wheeled  to  the  drying  yards  and  dumped. 

The  drying  yard  consists  of  a  plain  surface,  faced  with  a  few  inches 
of  clay  at  the  beginning  of  each  season  and  kept  well  rolled.  Occasion- 
ally the  yard  is  covered  with  a  succession  of  low,  jieaked  roofs,  sup- 
ported by  rows  of  posts,  each  side  of  the  roof  being  divided  into  five 
feet  battens,  which  can  be  closed  or  opened  on  trunnions  like  ordinary 
Avindow-blinds,  according  to  the  state  of  the  weather.  Gutters  carry 
off  the  rain.  The  advantages  of  a  covered  yard  are  self-evident,  and  yet 
iew  are  constructed  on  account  of  the  expense.  Later  in  the  day  the 
bricks  are  turned  on  their  sides  and  spatted  to  make  their  edges 
straight.  In  the  afternoon  they  are  gathered  up  and  packed  in  rows 
three  to  four  feet  high  and  one  brick  wide.     Saddles,  consisting  of  two 


THE    MANUFACTURE    OF    BRICK.  289 

12-incli  boards  nailed  together  at  the  edges,  are  jjlaced  over  the  bricks 
as  a  protection  against  the  weather,  and  battens  can  be  laid  against  the 
sides  if  bad  weather  is  apprehended.  They  remain  in  hack  from  one 
and  a  half  to  four  days,  as  atmospheric  conditions  may  favor  drying. 
They  are  then  wheeled  to  the  kiln  and  set  up  for  burning.  In  the 
course  of  a  season  many  green  bricks  are  damaged  by  rain,  and  the  loss 
is  sometimes  serious. 

The  kilns  are  usually  built  entirely  of  the  green  brick  from  the  hacks, 
and  are  set  up  under  long  roughly  built  sheds  at  the  end  of  the  yards, 
and  almost  always  run  i^arallel  to  and  within  a  few  feet  of  the  river. 
The  two  lines  of  heavy  roof  posts  sup^jort  in  part  the  sides  of  the  kilns, 
and  to  prevent  accidents  from  the  swelling  of  the  brick  during  ignition 
the  oi^posite  posts  are  clamj^ed  together  by  bands  of  iron.  On  this  ac- 
count the  kilns  are  usually  referred  to  as  clamp  kilns. 

Three  hundred  thousand  to  one  million  bricks  are  built  edgewise  into 
the  kiln,  allowing  thirty -five  to  forty  thousand  to  an  arch.  The  kilns 
are  about  fifty  bricks  high,  and  thirty-six  feet  wide  at  the  base,  built  with 
a  very  slight  batter. 

The  bricks  are  set  crossing  each  other,  three  on  three,  alloAving  vents 
i  to  g-inch  for  the  heat  to  j)ass  through.  At  intervals  of  about  three 
feet  at  the  base  of  the  kilns,  and  extending  through  them  from  side  to 
side,  small  pointed  arch  openings  are  built  thirty  inches  high  and  six- 
teen inches  sjaan.  Cord  wood  for  burning  is  here  introduced,  and  is 
supported  on  a  brick  hearth.  The  ends  of  the  kilns  are  cushioned  with 
moulding  sand  held  in  place  by  battens.  By  this  means  more  of  the 
heat  is  retained,  and  the  sand  is  dried  properly  for  dusting  the  moulds. 

The  sides  of  the  kiln  are  daubed  with  clay,  and  slow  fires  started  up 
under  the  arches.  Drying  off  or  water  smoking,  as  it  is  termed,  is  car- 
ried on  from  thirty-six  to  thirty-eight  hours.  The  arches  on  one  side  are 
then  closed,  and  the  fires  driven  diagonally  through  the  kiln  at  a  tem- 
perature sufficient  to  produce  a  white  heat  in  the  lower  inside  tiers  of 
brick,  which  is  gradually  carried  up  to  the  top  and  oiJi^osite  side.  Then 
the  process  is  reversed,  with  similar  results. 

The  arches  on  both  sides  of  the  kiln  are  now  fired,  and  this  process  of 
cross  burning  is  carried  to  its  conclusion.  The  whole  operation  takes 
about  a  week,  after  which  the  kiln  is  allowed  to  cool  down,  requiring 
another  week.  This  part  of  the  manufacture  is  the  most  critical  and 
skillful  of  all  the  stages,  and  is  intrusted  to  men  of  experience,  who  com- 
mand high  wages.  It  is  a  rule  of  thumb  process  throughout.  The  kiln 
fifty  bricks  high,  will  sink  from  two  inches  to  six  inches  in  burning.  A 
gauge  along  the  side  measures  this  settlement,  and  gives  valuable  in- 
formation to  the  burner  as  to  what  i^rogress  has  been  made.  The  burner 
must  regulate  the  intensity  and  direction  of  his  fires  entirely  bv  the 
drafts  at  the  arch  oi^enings.  Barometric  changes,  changes  of  temj)era- 
ture  and  the  wind  have  to  be  taken  into  consideration  and  guarded 
against. 
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As  a  matter  of  course  bad  burns  occasionally  occur;  the  arch  brick 
are  over-burnt  and  the  outside  brick  under-burnt.  This  constant  loss  is  a 
great  drain  on  the  industry,  and  also  tends  to  deteriorate  the  quality,  as 
it  is  the  general  custom  to  work  the  greater  part  of  these  poorer  bricks  off 
by  inserting  them  among  the  good  ones.  Brick-makers  have  estimated 
that  by  the  present  process  one-twentieth  of  the  kiln  turns  out  pale 
brick  and  one-twelfth  arch  brick.  About  five  to  six  cords  of  wood,  at 
an  average  cost  of  six  dollars  per  cord,  are  required  to  l)urn  forty  thou- 
sand bricks. 

The  chemistry  of  burning  maybe  roughly  described  as  follows: 
At  a  temperature  of  100  degrees  C,  the  water  held  in  mechanical  sus- 
pension is  driven  off.  That  held  in  chemical  combination  is  then  ex- 
pelled at  a  temi^erature  below  red  heat.  At  about  red  heat  the  decom- 
position of  carbonates,  if  present,  and  the  combustion  of  organic  matter 
takes  i^lace.  This  is  followed  by  a  more  intimate  combination  between 
the  bases  (iron,  alumina,  lime,  and  the  alkalies)  and  the  silica.  This  last 
process  is  known  as  vitrifaction. 

If  carried  to  a  completion  glass  would  be  the  result,  but  in  ^jractice 
vitrifaction  is  only  carried  to  an  incipient  stage.  The  fusibility  of  the 
brick  is  increased  by  the  presence  of  iron  and  the  alkalies,  and  in  a  gen- 
eral way,  lime,  alumina  and  silica  tend  to  diminish  the  fusibility. 

The  power  of  clay  to  recouibine  with  water  is,  according  to  Bischoff, 
permanently  lost  at  a  temj^erature  of  660  degrees  Fahr. 

In  connection  with  the  chemistry  of  brick-making,  I  would  remark 
that  the  generally  accepted  explanations  of  the  efflorescence  which 
frequently  appears  on  the  surfaces  of  brick  walls  is  that  it  is  due  to  the 
presence  of  sulphates,  nitrates,  and  chlorides  of  magnesia,  potash  and 
soda  in  the  bricks  or  mortar.  These  are  highly  soluble  compounds,  and 
in  wet  weather  are  brought  to  the  surface  in  solution  and  there  precipi- 
tated. 
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BRICK  MANUFACTURE  NEAR  CHICAGO. 


By  D.  V.  PUKINGTON. 

Eead  April  18th,  1888. 


In  complying  with  yonr  request  for  a  brief  description  of  tlie 
methods  in  nse  by  the  Purington-Kimbell  Brick  Company  for  making- 
brick,  I  wish  it  distinctly  understood  that  the  Company  makes  no 
claim  that  these  methods  are  original,  or  that  they  ate  exclusively 
their  own. 

There  are  several  other  firms  who  have  adopted  the  same  i^rocess, 
some  of  whom  have  more  expensive  j^lants,  and  some  of  whose  yards 
excel  ours  in  convenience  of  arrangement.  I  do  feel,  however,  that  I 
have  the  right  to  lay  claim  to  being  the  pioneer  in  the  use  of  the 
Chambers  stiff  mud  machine,  which  has  achieved  so  complete  a  success 
in  Chicago.  The  first  machine  of  this  kind  was  erected  by  Messrs. 
Purington  &  Kimbell,  the  predecessors  of  this  Company,  in  the  early 
spring  of  1882. 

It?  was  ijlaced  on  a  yard  that  the  previous  year  had  operated  seven 
horse-power  machines  of  the  kind  so  generally  used  along  the  Hudson 
River.  The  clay  used  was  dredged  from  the  Chicago  River,  and  one 
season  clearly  demonstrated  the  impracticability  of  its  use  on  the 
Chambers  machine.  Taken  as  it  was  from  the  water,  it  required  at 
least  a  year  to  dry  out  sufficiently  to  be  available.  The  experiment  was 
carried  far  enough,  however,  to  prove  that  the  hard,  tenacious,  blue 
clay  which  underlies  our  whole  city,  could  be  advantageously  worked 
in  its  normal  condition. 

In  June,  1882,  Messrs.  Purington  &  Kimbell  secured  another  location 
on  the  banks  of  the  Illinois  and  Michigan  Canal,  and  located  a  second 
machine,  designing  to  use  the  clay  that  had  been  dredged  from  the  canal 
twenty-five  years  before.  From  its  long  exposure  this  clay  was  pecul- 
iarly adapted  to  the  machine,  and  in  the  fall  of  1882,  the  first  machine, 
with  engine,  boilers,  dryers,  etc.,  was  removed  to  the  canal  bank. 

These  two  machines,  one  with  dryer  and  one  with  out-door  drying, 
made  in  1883,  1884  and  1885-,  forty-six  millions  of  brick.  The  maximum 
was  ten  millions  on  the  machine  with  dryer  and  six  millions  five 
hundred  thousand  on  the  out-door  yard.  In  the  sj^ring  of  1883,  this 
Company  was  incorporated  and  purchased  the  interest  of  Messrs.  Pur- 
ington &  Kimbell,  and,  the  clay  becoming  exhausted,  purchased  47  acres 
of  ground  on  the  Rock  Island  Railroad,  14  miles  from  Chicago,  and  in 
the  spring  of  1886  erected  thereon  the  works  you  have  asked  me  to  de- 
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scribe.  The  wisdom  of  going  so  far  away  from  tlie  city  and  endeavoring 
to  compete  has  been  clear!}-  shown  by  the  fact  that  the  Company  are 
able  to  deliver  brick  by  rail  to  Chicago,  and  by  teams  to  the  building  at 
a  less  cost  than  they  had  been  able  to  do  it  from  the  yard  in  the  city 
limits.  The  railroad  company  named  the  new  station  "Purington," 
and  hereafter  in  this  letter  the  new  location  will  be  known  by  that 
name.  The  clay  here  differs  somewhat  from  that  at  or  immediately 
around  Chicago.  It  is  much  freer  from  limestone  pebbles,  and  less  of 
the  consistency  of  india  rubber,  but  is  very  hard,  although  slightly 
granulated. 

For  the  first  six  months  it  was  obtained  by  the  use  of  pick  and  spade. 
It  was  found  imj^ossible  to  secure  eleven  men  who  could  mine  and  load 
sufficient  clay  for  forty-five  thousand  brick  in  a  day  of  ten  hours.  As 
the  season  advanced,  and  the  bank  became  dryer  and  harder,  dynamite 
was  freely  used  to  assist  in  "  getting  a  fall  of  the  bank."  In  Jwlj  of 
that  year  our  bills  for  dynamite  amounted  to  ^85,  and  our  average  day's 
work  less  than  we  had  made  since  the  introduction  of  the  Chambers, 
and  we  came  to  the  conclusion  that  unless  some  more  economical  plan 
was  devised,  the  Company  would  go  the  way  of  the  dynamite. 

Correspondence  was  opened  Avith  the  manufacturers  of  steam  shovels, 
and  a  contract  made  for  one.  At  this  point  we  committed  the  blunder 
that  has  been  the  bane  of  so  many  brick-makers,  viz. :  of  trying  to  econo- 
mize by  getting  machinery  too  light  for  its  work.  The  expert  who  knew 
just  what  we  needed,  insisted  that  a  No.  2  was  ample  for  our  wants. 
Four  weeks  of  worry  and  bother  decided  that  we  had  saved  at  the  spigot 
and  lost  at  the  bung,  and  we  were  glad  to  make  the  best  terms  we  could 
in  exchanging  for  a  larger  one.  This  one  was  built  with  a  dipper  intended 
to  hold  1 J  yards,  but,  on  our  suggestion,  was  changed  for  a  1-cubic  yard 
size.  It  I'equires  2  yards  of  clay,  measiired  as  dug,  in  the  cars,  to  make 
one  thousand  brick. 

Our  shovel  Avill  easily  dig  enough  for  two  hundred  and  twenty-five 
thousand  brick  in  ten  hours,  inclusive  of  time  consumed  in  moving,  etc. 
The  dipper  exits  from  4  to  5  inches  in  depth,  3  feet  in  width  and  25 
feet  from  bottom  to  top.  This  cut  will  ordinarily  fill  the  dipper  with 
clay,  thoroughly  mixed,  cut  in  small  pieces,  and  the  two  yards  are  taken 
from  the  bank  and  placed  in  the  car  in  less  than  one  minute's  time. 
The  cars  are  drawn  from  the  shovel  to  the  turn-table,  a  distance  varying 
from  100  to  700  feet,  by  horses.  Until  the  present  year,  our  cars  have 
been  of  the  style  in  general  use  by  railroad  contractors,  a  box  holding 
2  yards  placed  on  a  half  circle  for  a  dumping  rocker.  The  entire  weight 
and  strain  comes  upon  one  point,  a  line  drawn  lengthwise  through  the 
center  of  the  car.  I  have  found  in  dumping  from  the  steam  shovel, 
or  in  drawing  these  cars  over  an  uneven  track,  that  there  was  a  great 
liability  to  breakage.  I  have  now  adopted  the  plan  of  dumping  or  tip- 
ping the  track.     The  frame-work  of  my  track  is  made  of  oak,  4  inches  by 
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6  inches  in  size.  Under  this  frame  is  placed  a  shaft  3  inches  in  diameter, 
with  three  bearings  in  each  length  of  16  feet,  with  the  car  fastened 
securely  to  the  track.  The  operation  of  emi^tying  the  clay  from  the  car 
is  simple,  and  it  is  almost  impossible  to  break  anything.  Under  the  old 
system  (Cockrell)  one  man  was  kept  steadily  employed  repairing  cars. 
The  cars  are  drawn  up  by  a  hoistway  from  the  turn-table  to  the 
machine  house. 

The  contents  of  the  cars  are  dumped  ujDon  a  platform,  below  which 
stand  two  Cockrell  pulverizers,  one  for  each  brick  machine.  These  pul- 
verizers have  never — and  probably  will  never — come  into  general  use, 
for  the  reason  that  so  few  clays  can  be  successfully  worked  by  them. 
With  us  they  seem  to  fill  the  bill  exactly.  The  object  of  the  machine 
is  to  tear  the  clay  to  pieces,  by  a  sort  of  whittling,  its  chips  resembling 
in  shape  and  condition  those  obtained  in  sharpening  a  lead  iiencil.  It 
consists  of  a  hollow  vertical  cylinder,  at  the  bottom  of  Avhicli  is  a  revolving 
horizontal  disk,  moved  by  a  vertical  shaft,  connected  above  to  the  mo- 
tive power.  In  the  horizontal  disk  are  set  a  number  of  knives,  in  the 
same  manner  as  the  knives  of  a  plane,  but  with  the  cutting  edges  up. 
The  slots  in  the  disk  in  which  the  knives  are  set  are  also  similar  to  the 
openings  in  a  reversed  plane.  Underneath  the  machine  is  a  belt  con- 
veyor. The  top  of  the  cylinder  is  on  the  level  of  the  floor  on  which  the 
clay  is  dumped. 

It  is  the  work  of  two  men  to  shovel  the  clay  from  the  floor  into  the 
cylinder  when  the  disk  is  revolving  two  hundred  and  fifty  times  in  a 
minute.  The  idea  is  to  plane  the  clay  in  chips,  pass  it  through  the 
slots,  and  deposit  it  on  the  belt  or  elevator.  It  is  then  carried  to  the 
hopper  over  the  brick  machine.  Around  this  hopper  is  a  platform  on 
which  stands  a  boy,  whose  place  it  is  to  see  that  the  hopper  does  not 
clog,  and  to  add  what  water  is  necessary. 

The  brick  machine  is  in  charge  of  one  man,  who  should  be  a  tolera- 
bly good  machinist,  as  well  as  a  careful  man  of  good  judgment.  The 
bricks  leave  the  machine  on  the  flat,  but  are  immediately  edged  auto- 
matically. Three  boys,  from  fourteen  to  sixteen  years  of  age,  take  the 
brick  from  the  belt  and  put  them  upon  an  iron  car,  each  car  containing 
five  hundred  and  forty  bricks.  These  cars  are  then  taken  by  a  man  and 
run  into  the  tunnels  to  dry. 

There  is  nothing  new  or  original  about  these  tunnels,  unless  it  is  their 
length,  94  feet,  and  the  use  of  an  exhaust  fan  instead  of  a  stack  to 
remove  the  steam.  Eleven  tunnels,  with  a  30-inch  fan  for  each  two 
tunnels,  will  thoroughly  dry  fifty  thousand  brick  in  twenty-four  hours. 
I  am  a  decided  advocate  of  artificial  circulation  to  bring  artificial  drying 
to  a  point  anywhere  near  perfection. 

These  tunnels  should  be  filled  before  any  are  drawn  out,  and  when  a 
car  is  drawn  it  should  be  replaced  by  another.  The  grade  is  1  inch  to 
10  feet.  One  man  is  sufficient  to  keep  the  fires  in  good  condition,  to 
draw  out  the  brick  when  drv,  remove  ashes,  etc. 
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In  front  of  the  storage  tracks  is  a  wide-guage  track  with  a  transfer 
car,  on  which  the  ears  of  dried  brick  are  run  to  any  portion  of  the  1  100 
feet  of  kiln  shed.  Four  men,  who  still  retain  the  designation  of  brick 
wheelers,  take  the  product  of  each  machine  to  two  setters.  Our  aver- 
age for  each  machine  in  1887  was  forty-four  thousand  three  hiindred  for 
each  ten  hours.  I  have  given  in  detail  the  men  actually  engaged  in 
making  the  brick  and  setting  them  in  the  kiln.  As  there  are  so  many 
men  whose  work  is  divided  on  the  whole  four  of  our  machines,  I  sub- 
mit herewith  the  list  and  classification  of  our  employees  at  Purington, 
I  refrain  from  giving  the  wages  paid,  as  that  would  vary  in  diftereut 
localities  and  really  does  not  enter  into  this  comparison. 

4  machine  men. 

4         "        boys  on  platform. 

8  men  at  pulverizer. 

2        "       hoisting  machines. 

1  engineer  on  steam  shovel. 

1  fireman  " 

1  craneman  "  0 

6  men  in  clay  bank. 
12  boys  loading  cars,  handling  cars,  etc.,  with  green  brick. 

4  men  to  put  cars  in  dryer. 

4        "      fire  dryers  and  take  cars  out. 

4        "  "  "  "  •     at  night. 

24        "      setting  and  wheeling. 

1  engineer. 

2  firemen. 

1  carpenter. 
1  blacksmith. 

3  laborers. 

83  Total. 

Thus  it  will  be  seen  that  eighty-three  men  and  boys  make,  dry  and 
set  in  the  kiln  an  average  of  one  hundred  and  seventy-seven  thousand 
two  hundred  brick  per  day. 

From  1883  to  1885,  with  one  machine  used  with  dryers  and  one  with 
out-door  drying,  our  average  was  one  hundred  and  sixty-seven  days  for 
the  latter  and  two  hundred  and  fifty-four  for  the  former.  The  cost  of  brick 
dried  artificially  is  less  than  those  dried  out  of  doors.  The  longer  the 
season  and  the  steadier  the  job  the  l)etter  the  grade  of  men  who  Avill 
seek  it.  I  have  refrained  from  entering  into  a  detailed  d<^scription  of  the 
Cliambers  machine,  for  the  reason  that  it  is  too  well  known  to  brick- 
makers  to  need  it.  This  Company  pays  every  two  weeks,  and  during  its 
existence  has  never  missed  a  pay  day  and  never  had  a  strike.  Since  its 
location  at  Purington,  no  intoxicated  man  has  ever  been  seen  on  or 
about  its  i^remises.     Its  relations  with  its  employees  are  never  strained ; 
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and,  while  neither  the  Company  nor  men  make  any  claims  to  foresight  or 
sagacity  peculiar  to  themselves,  they  do  claim  to  have  that  perfection 
of  an  organization  known  as  a  union  of  the  employer  and  employed. 
During  the  past  year  the  ComiDany  erected  a  building  28x40  feet  for  the 
exclusive  use  of  the  men.  They  furnish  heat  and  light,  and  the  only 
restrictions  placed  ui^on  the  men  are,  that  it  shall  be  closed  at  10  p.m., 
shall  be  kept  clean  and  orderly,  and  that  no  intoxicating  liquors  shall 
ever  be  taken  into  it. 

From  a  portion  of  the  above  it  may  be  inferred  that  the  executive 
officers  of  the  Company  are  fanatics  on  the  temperance  question.  This 
is  not  the  case,  but  they  are  fanatical  on  the  intemperance  question. 

The  question  of  burning  brick  with  crude  oil  has  engaged  the 
serious  consideration  of  this  Company  for  a  year  past,  although  it  is  only 
three  months  since  their  first  experiments  were  made.  The  develop- 
ments thus  far  in  this  new  branch  of  a  science,  so  all  important  to  the 
brick-maker,  are  too  crude  and  new  to  warrant  any  extended  remarks. 
All  who  have  tried  it  agree  that  as  a  fuel  it  comes  nearer  perfection  than 
any  other  they  have  tried  or  known  of,  except  it  be  natural  gas. 

All  who  have  looked  into  the  matter  at  all  agree  that  hot  oil,  hot 
steam  and  hot  air  are  necessary.  No  two  agree,  as  yet,  on  the  necessary 
quantities  of  either  or  the  proper  method  of  mixing  them.  I  have  now 
burned  six  kilns  or  about  two  million  one  hundred  thousand  brick. 
Thus  far  we  have  not  had  a  bad  kiln,  and  my  experience  justifies  me  in 
saying  that  I  feel  much  more  certain  of  a  good  burn  than  I  ever  did 
with  wood  and  coal.  The  cost  of  burning  with  us  is  35  per  cent,  less 
with  oil  than  with  wood  and  coal,  and  with  large  kilns  the  cost  of  labor 
is  much  less  ;  two  men  will  easily  handle  a  kiln  of  twenty  arches.  No 
cold  air  is  admitted  and  the  checked,  cracked  arch  bricks  resulting  from 
such  admission  are  avoided.  It  is  a  promising  field  for  experiment,  and 
wdthin  six  months,  if  we  meet  with  no  drawbacks,  I  hope  to  be  able  to 
write  and  talk  more  intelligently  in  regard  to  it. 

In  reply  to  questions  Mr.  Purington  said  :  * '  My  drying  tunnels  are 
36  inches  wide  by  48  inches  in  height,  and  the  average  amount  of  coke 
used  during  the  past  two  years  in  drying  brick  in  twenty-four  hours  has 
been  one  ton  to  fifteen  thousand  brick.  This  coke  costs  me  f.  o.  b.  cars 
at  Purington,  ^5  55  per  ton.  The  expense  is  about  equal  to  anthracite 
coal  at  vr6  25  ;  but  I  prefer  the  coke  for  the  reason  that  the  gas  in  the 
coal  is  more  destructive  to  the  iron  cars.  I  should,  perhaps,  have  men- 
tioned that  I  have  a  steam  dryer  that,  with  a  few  changes,  I  think  will 
accomplish  better  results  than  the  hot-air  dryers.  Of  this,  however,  I 
prefer  to  write  when  I  am  satisfied  what  it  will  do.  In  a  general 
way,  let  me  say  thei'e  are  many  clays  that  can  be  successfully  dried 
with  a  steam  heat  that  cannot  be  with  heated  air  passed  over  or  through 
a  heavy  fire.     While  I  regret  very  much  that  my  time  is  too  fully  occu- 
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pied  to  write  as  intelligently  or  exhaustively  as  the  subject  deserves,  I 
desire  to  congratulate  the  progressive  clay  worker  that  a  body  like  yours 
deems  our  avocation  of  sufficient  importance  to  give  it  so  much  atten- 
tion. I  have  given  to  it  seventeen  years  of  the  best  of  my  life,  and 
feel  that  I,  with  others  who  have  tried  so  hard  to  place  this  industry 
in  its  proper  place  among  the  mechanical  arts,  have  reason  to  congratu- 
late ourselves  that  we  are  in  the  future  to  have  the  active  co-operation  of 
your  Society." 
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SLATE    BEICKS 


By  Jose    R.    VillaijON,  Jun.  Am.  Soc.  C.  E. 
Read  Apkil  18th,  1888. 


The  manufacture  of  slate  bricks  is  carried  on  throughout  the  year  by 
the  American  Brick  and.  Tile  Company,  at  Phillipsburg,  X.  J.  This 
company  started  work  in  1886,  and  since  then  they  have  kept  always 
busy,  and  it  has  been  necessary  to  enlarge  and  improve  its  i^lant. 

The  material  used  in  making  the  bricks  is  the  rubbish  from  slate 
quarries,  though  all  kinds  of  slate  may  not  be  suitable,  as  experiments 
have  been  made  with  slates  from  Massachusetts,  which  were  not  entirely 
satisfactory.  The  rubbish  used  in  this  manufactory  is  of  two  different 
kinds  of  slate  from  the  quarries  of  the  Old  Bangor  Slate  Company,  at 
Bangor  Pa.,  whose  chemical  composition  is  as  follows,  from  analysis 
furnished  by  the  Old  Baugor  Slate  Company. 

Clear.  Ribbon. 

Sihca 56. 78  56. 15 

Alumina 17.38  13.90 

Lime 4.14  5.17 

Magnesia 3.15  2.81 

Iron  peroxide 6.50  7.46 

Sulphur 0.89  2.22 

Phosphoric  acid 0.133  0.13 

Water  and  carbonic  acid 7.60  10.47 

Alkalies  and  organic  matter 3.427  1.69 


100.000       100.000 

This  shows  an  equivalent  of  iron  of  4.54  and  5.22  per  cent,  re- 
si^ectivly. 

The  plant  used  until  the  end  of  the  year  1887  had  a  capacity  of 
twelve  thousand  bricks  per  day,  about  thirty  men  and  boys  being  em- 
ployed. The  spalls,  which  have  an  average  size  of  8x6x2  inches,  were 
thrown  into  a  crusher,  in  which  they  were  broken  into  sizes  uji  to 
■f-  inch,  and  were  then  passed  to  a  Carlin  grinding  pan,  where  the  first 
grinding  was  done,  and  in  which  the  pieces  were  reduced  to  i-inch  or 
less  in  size;  an  elevator  then  took  the  ground  slate  to  a  J.  T.  Noye's 
rolling  machine,  which  reduced  it  to  a  powder,  which  was  made  to  pass 
through  a  screen  of  four  hundred  meshes  per  square  inch;  the  grains 
which  did  not  pass  through  this  screen  were  returned  to  the  rollers. 
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The  process  was  similar  to  that  used  in  the  flour  mills.  From  the 
screen  the  powder  goes  to  a  pug  mill,  where  thirty-five  gallons  of  water 
are  adeled  to  each  gross  ton  of  i:)owder.  The  pulp  then  went  to  the 
brick  laachine,  consisting  of  a  packer  box,  under  which  the  mould  ia 
placed  ready  to  receive  the  pulp;  by  means  of  a  packer  which  is  raised 
and  lowered,  the  pulp  is  forced  into  the  mould,  the  mould  then  comes 
from  under  the  packer  and  is  taken  out  and  a  new  one  put  in  its  place 
under  the  feeder;  the  moulds  used  were  double,  that  is,  two  bricks  were 
moulded  at  a  time;  its  capacity  was  sixty  bricks  per  minute.  The 
moulds  were  then  placed  ui)on  an  endless  belt,  which  carried  them  to 
the  drying-room,  where  they  were  taken  off  and  put  on  a  floor  heated  by 
steam  to  a  temperature  from  80  to  100  degrees  Fahr.  In  this  state  they 
are  called  green  common  bricks.  After  remaining  upon  this  floor  for 
about  two  hours  they  are  fit  for  the  i^resses.  These  were  common  hand- 
presses,  four  in  number;  the  pressure  on  a  brick  was  about  three  tons 
and  the  capacity  of  each  press  three  thousand  bricks  per  day;  only  one 
brick  was  pressed  at  a  time;  the  bricks  were  carefully  handled  with 
l^addles  and  placed  in  the  press  mould,  in  which  the  j^ressure  was 
directly  applied.  The  bricks  after  having  been  pressed,  are  relaid  on 
the  floor  and  dried  again  for  one  hour;  they  are  not  left  to  dry  too  much 
for  then  they  get  brittle.  The  power  required  to  oijerate  all  this  ma- 
chinery was  60  horse-power. 

The  alterations  and  improvements  lately  introduced  in  the  plant  are 
the  following:  The  crusher  is  not  removed,  but  the  grinding  apparatus 
is  changed  by  taking  out  the  Carlin  grinding  pan  and  the  J.  T.  Noye's 
rolling  machines,  and  putting  in  instead  two  Cyclone  Pulverizers,  which 
grind  the  slate  very  fine.  These  pulverizers  are  not  yet  in  running 
order  at  the  factory,  but  the  results  of  some  iJrevious  experiments  show 
that  they  can  pulverize  about  forty  tons  of  crushed  slate  per  day.  There 
are  three  screens  through  which  the  jjulverized  slate  passes;  the  first  con- 
taining four  hundred  meshes  per  square  inch;  the  second  sixteen  hun- 
dred, and  the  third  twenty-three  hundred  and  four  meshes  per  scpiare 
inch. 

The  second  screen  will  be  used  in  these  works  autl  will  improve  the 
brick  considerably,  as  the  finest  powder  obtained  with  the  old  plant 
was  equivalent  in  fineness  to  that  which  now  passes  through  the  first 
screen.     The  finer  the  powder,  the  more  water  it  will  require. 

Another  improvement  is  the  change  of  the  brick  machine  to  another 
of  the  same  system  but  of  larger  dimensions,  making  six  bricks  at  a  time 
in  one  mould,  and  having  a  capacity  for  tliirty-five  thousand  bricks  per 
day  of  ten  hours.  The  bricks  will  now  be  subjected  to  the  same  opera- 
tions as  in  the  old  plant,  with  the  advantage  of  using,  liesides,  a  steam 
press.  For  this  press  the  l)ricks  are  laid  on  the  table,  from  which  they 
are  automatically  fed  under  the  mould,  which  is  raised  and  lowered  by 
a  cam  motion.  While  the  mould  is  down  in  jDlace  for  pressing,  a  plunger 
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is  raised  from  tlie  bottom  by  means  of  another  cam,  -wliicli  gives  the 
brick  about  thirty  tons  pressure;  the  mould  then  raises  and  another 
brick  is  ready  to  be  placed  under  the  mould.  It  presses  one  brick  at  a 
time  and  has  a  capacity  for  twenty  thousand  bricks  per  day.  The  bricks 
after  leaving  this  i^ress  are  very  hard,  and  can  be  handled  without  pad- 
dles. The  steam  and  hand  presses,  and  also  the  brick  machines,  are  all 
manufactured  by  George  Oarnell,  Philadelphia,  Pa. 

After  the  bricks  have  been  pressed,  they  are  called  green  pressed, 
until  they  are  dried  sufficiently  to  go  in  the  kiln,  w^hen  they  are  called 
dried  pressed. 

With  this  new^  plant  it  is  expected  to  have  a  regular  output  of  thirty- 
thousand  bricks  per  day. 

Another  improvement  on  the  plant  will  be  the  use  of  a  drying  kiln 
into  which  the  bricks  will  be  run  on  cars,  on  which  they  remain  until 
sufficiently  dry  to  go  into  the  burning  kiln.  The  drying  kiln  is  used 
simply  to  increase  the  production,  as  the  drying  floor  is  not  large 
enough. 

The  bricks  after  having  been  i^ressed  and  dried,  are  burnt  in  perma- 
nent kilns.  Of  these  there  are  now  three,  and  two  more  are  to  be  built 
very  soon.  The  largest  kiln  now  in  use  is  44  x  30  feet  in  the  plan  and  24 
feet  high,  including  the  height  of  the  arches  below,  which  is  three  feet; 
it  has  a  capacity  for  two  hundred  thousand  bricks;  the  other  two  are  of 
smaller  dimensions  and  hold  one  hundred  and  forty  thousand  and  one 
hundred  and  twenty  thousand  bricks.  The  largest  kiln  is  built  with  ten 
rows  of  permanent  arches  running  from  side  to  side  of  the  kiln.  The 
thickness  of  the  wall  of  the  kiln  is  24  inches,  and  that  of  the  wall  of  the 
arches  is  13  inches;  the  arches  have  open  spaces  2^  inches  between  them, 
and  the  rows  of  arches  are  4  feet  2  inches  distant  from  centers,  the  radius 
of  the  arches  being  2  feet  2  inches. 

The  bricks  are  set  in  the  kiln  in  the  ordinary  way.  The  fire  is  applied 
under  the  arches  on  both  sides  of  the  kiln.  The  bricks  are  burnt  hard, 
at  a  temperature  of  white  heat.  The  fuel  used  is  large  egg  coal.  A  kiln 
of  the  dimensions  above  given  consumes  forty-five  tons  of  coal  for  one 
burning,  and  the  others  in  proportion  to  the  surface  exposed.  It  takes 
four  days  and  four  nights  to  biirn  a  kiln  out,  and  from  three  to  four 
days  to  cool  it.  In  cooling  the  kiln  the  fire  is  not  smothered  as  for  clay 
bricks,  but  left  to  extinguish  itself  naturally  after  the  fuel  has  burned 
out.  As  slate  brick  do  not  settle  to  any  extent  while  being  burnt,  the 
burner  judges  wdien  the  bricks  are  burnt  enough  by  the  color  of  the 
flame  in  the  arches  and  the  smoke  given  oflf  at  the  top  of  the  kiln. 

The  diff'erent  kinds  of  bricks  are,  1.  salmon;  2.  hard  common;  3. 
pressed  standard;  4.  fine  pressed;  5.  paving  brick,  and  6.  clinkers.  The 
salmon  are  not  pressed,  and  being  placed  nearest  to  the  wall  of  the  kiln 
they  are  not  very  hard.  Their  cost  on  car  at  the  factory  is  itpT.SO  i^er 
thousand.  Hard  common  are  the  same  as  salmon,  but  burnt  harder,  $9 
per  thousand.     The  cost  of  the  other  kinds  is  as  follows: 
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Pressed  brick  leads  from S12  to  .^20  per  thousand. 

Paving       "         "         "    Sl2to$13 

Clinker,  or  arch  brick  "    S8.50 

These  bricks  measure  8^x4x2^  inches,  and  weigh  five  pounds  each. 

The  slate  brick  have  all  the  qualities  of  good  ordinary  brick;  they 
are  very  hard,  ring  well  with  a  clear  sound;  the  texture  is  compact  and 
homogeneous;  the  grain  is  fine  and  free  from  pebbles,  and  they  rarely 
crack;  their  color  varies  from  a  light  rose  np  to  a  Philadelphia-brick 
red,  and  is  said  to  become  deej)er  ujaon  exposure  to  the  Aveather.  The 
slate  brick  does  not  shrink  or  change  in  shape  when  burnt,  but  keeps 
the  same  size  and  shape  which  it  had  when  it  was  green.  A  circle  can  be 
formed  of  a  certain  number  of  squared  bricks,  and  after  these  are  burnt, 
they  will  form  a  perfect  circle  as  before.  This  is  a  quality  which  has 
not  been  obtained  with  brick  from  clay. 

Pavements  made  of  these  bricks  are  very  fine;  they  present  a  smooth 
surface  and  do  not  hold  the  ice  like  other  pavements,  but,  like  slate,  are 
cleansed  of  ice  very  easily. 

Neither  the  moisture  of  the  atmosphere  nor  the  rain  water  is  absorbed 
to  any  extent  through  slate  brick;  they  "wet  in"  scarcely  i  of  an  inch, 
leaving  the  rest  of  the  wall  dry,  thus  diminishing  considerably  the 
dampness  of  the  buildings.  The  average  alisorption  of  water  on  immer- 
sion is  only  six  ounces;  hence  the  life  is  not  taken  from  mortar,  the  set- 
ting is  slower  and  the  adhesion  greater. 

These  bricks  cut  easily  with  the  trowel  and  neither  lose  their  color 
nor  present  the  white  diseolorations  of  clay  brick. 

TIae  crushing  strength  of  these  and  Philadelphia  brick,  as  ascertained 
by  Mr.  John  Neagley  at  the  Keystone  Bridge  Company's  works  was  for 
slate  brick  4^  xSi  =  35  square  inches  in  area. 

Total,  255  500  pounds  =  7  230  pounds  per  square  inch. 

For  Philadelphia  4x8i^,i  :=  33.24  square  inches  in  area, 

Total,  131  300  pounds  =^  3  950  pounds  per  square  inch. 

The  flexure  or  bending  strength,  as  determined  by  Mr.  A.  W.  Sted- 
man.  Chief  Engineer  of  the  Lehigh  Valley  Railroad,  is  about  2  665 
pounds. 

Within  the  last  year  several  large  buildings  in  Bethlehem,  Eastou, 
Phillipsburg,  etc.,  have  been  erected  with  these  bricks,  which  have 
shown  no  signs  of  failure  or  deterioration.  Eleven  millions  of  brick 
from  the  slate  of  Western  Pennsylvania  wei-o  used  in  constructing  the 
Pittsburgh  and  Western  llailroad  tunnel  underneath  the  City  of  Pitts- 
burgh, and  are  said  to  have  been  entirely  satisfactory. 
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Letter   from   Walter  S.   Church,    Esq.,    Special  Assistant  Engineer, 
transmitting  tables. 

New  York,  April  17tli,  1888. 
Jose.  R.  Yillalon,  Esq., 

Dear  Sir, — Herewith  I  mail,  as  per  your  request  of  April  15tli,  1888, 
a  coj^y  of  such  tests  as  we  have  already  i^rocured  of  the  porosity  of  the 
several  brands  of  brick  submitted  to  Messrs.  Fairbairn  &  Co.  The  tests 
were  made  by  their  agent,  Mr.  N.  O.  Olson.  They  are  given  without 
endorsement,  as  we  are  not  yet  in  condition  to  institute  our  own  tests 
in  corroboration. 


New  York,  March  29th,  1888. 
Aqueduct  Commissioners, 

Gentlemen, — Herewith   please   find   sizes  of  bricks  tested  for  you, 
also  Aveight  of  same. 

Lot  A.  5  Pressed   Bricks,   sent  by  W.  W.  Wheeler,  Line  Inspector, 
Haverstraw,  N.  Y. 
"  B.  5  Slate  Bricks,  Phillipsburg,  Pa. 
"  C.  5   Bricks,  branded  W.  A.  U.,  Haverstraw,  N.  Y. 
"  41.  1  Brick,  black  coated. 


Lot  A.  Size 

in  Inches. 

Weight. 

Weight  after  Absorption. 

Total 
Amount  of 
Water    Ab- 

20  Hours.      24  Hours. 

sorbed  24 
hours. 

Test  No. 

Length. 

Width. 

Thick. 

Lbs. 

Oz. 

Lbs. 

Oz. 

Lbs. 

Oz. 

Lbs. 

Oz. 

5  773 

5  774 

6  775 
5  776 

5  777 

LotB. 

5  778 
5  779 
5  780 
5  781 
5  782 

LotC. 

5  783 

8% 
8?^ 
8A 
8X 
8% 

rough 

8)i 

8A 
rough 

8.% 

8K 

d'A 

8>i 
8M 

m 

4K 
i'A 

4>^ 
4>^ 

brick. 

3M 
311 
3X 
3if 

brick. 

3% 

3% 

3H 
3  hi 

2t^^ 
2?s 

¥? 

2/5 

2)^ 
2}^ 
2)i 
2tV 
2i% 

2M 

253 
2/5 

2% 

2/5 

5 
5 
6 
5 
5 

4 
4 
5 
5 
4 

4 
4 
4 
4 
4 

4 

12?i 
14 
6X 
12M 
14K 

14M 
15>^ 
..„.. 

9X 
13K 
12X 

9 

Q}i 

5X 

6 
6 
6 
6 
6 

5 
5 
5 
5 
5 

8 

4>^ 

8M 

IK 
2% 
9% 
5>^ 

7>i 

6 
6 
6 
6 
6 

5 
5 
5 
5 

5 
5 
5 
5 
5 

4 

8 

4K 

7?i 

IK 
2% 

5  hi 
1}i 

5X 
5 

11 M 
Ihi 
9K 

3>^ 
2% 

9% 
33-^ 

11% 

5  784 

8?i 
9 
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Below  please  find  tlie  amount  of  pressure  apijlied  to  eacli  brick,  also 
amount  of  water  which  passes  through  bricks,  and  the  length  of  time 
under  which  the  pressure  was  applied. 

Amount  of  water  passed  through  under  the  foiiLOWing  pressure. 


1 
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20       y^ 
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<« 
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1 

1 
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.... 
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2  lbs.  2J  oz.. 
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7  lbs 

13 

5777 

21bs 

7|lbs.. 
4|  lbs . . 
4>^  lbs. 

4^  "lbs.".' 

24ioz.. 
22|oz.. 

9  oz 

19  oz... 
0    Xo 

6778 

lib 

2Jilb8.... 
3i  lbs 

3^  lbs 

5779 

IX  lbs 

14 

5780 

0 
1  lb.  ),i  oz.  . 
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25  J  oz 
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1 

5781 
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0 
0 
0 

roke,    fl 
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7>^  oz 

13* 
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14'' 
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lOX  oz    . . 

13| 
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0 

tight. 

Size  of  hole  in  packing  through  which  i^ressure  was  forced,  2  inches  x 
5|  inches. 

Yours  very  truly, 

(Signed)        N.  O.  Olson. 
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NOTE  ON  BRICK-MAKING  IN  SINALOA,  MEXICO. 


By  Senor  Don  Fkan.  Sosa  y  Avela,  Professor  of  Civil  Engineering  in 

the  Collegio  Eosalis,  Culiacan. 

Read  October  19th,  1887. 


The  earth  chosen  is  an  alluvian  from  the  banks  of  rivers  that  does 
not  contain  too  much  sand,  and  experiments  are  necessary  to  determine 
the  ijroper  proportion  of  dung — horse  or  mule  manure — that  the  bricks 
may  not  break  when  placed  in  the  sun  to  dry. 

After  the  jDreijaration  of  a  drying  floor,  which  is  leveled  and  covered 
with  sand,  a  shallow  pit  is  excavated  three  or  four  yards  square,  in  which 
the  clay  and  dung  are  wetted,  mixed  and  trampled,  until  the  mass  be- 
comes i^lastic,  and  in  that  state  the  mass  is  left  till  morning. 

The  force  emj^loyed  in  moulding  and  stacking  the  bricks  is  divided 
as  follows:  four  carry  the  tempered  clay  to  the  edge  of  the  drying  floor, 
where  two  men  mould  them,  one  turns  the  bricks  so  that  they  may  dry 
evenly,  two  carry  them  to  be  burned,  when  two  more  stack  them  in 
kilns  of  from  20  000  to  30  000  bricks.  The  stacks,  which  are  burned 
with  wood,  have  the  usual  arches  and  are  covered  with  a  course  of  brick 
treated  with  sand. 

The  bricks  in  common  use  have  the  following  names  and  sizes: 

Adobe,  sun-dried  brick,  24  x  16  x  3^  inches. 

The  following  are  burned: 

Adovon,  18  X  9  X  3  inches,  the  common  size  for  house  walls,  etc. 

Ladrillo,  9x4^x2^  inches,  used  for  ovens,  thin  walls,  etc. 

Tejas  arqueadas,  14 x9  x  |,  roof  tile. 

Lozeta,  10  x  10  x  2j  inches,  paving  tile. 

The  standard  price  of  the  Adovon  is,  in  the  district  of  Sinaloa,  ^8  per 
thousand;  at  Fuerte,  $14;  iu  Culiacan,  $10;  in  Mazatlan,  $18;  and  at 
the  mines  in  the  Sierra  the  price  is  often  $30  per  thousand,  depending 
on  the  cost  of  wood  and  the  convenience  of  the  clay.  When  the  water  is 
pure  the  bricks  then  are  of  a  very  good  quality;  a  veritable  artificial 
stone. 

The  roof  tile  receives  more  care  both  in  the  fabrication  and  burning, 
which  is  done  in  square  kilns  with  walls  8  to  9  feet  high,  the  floors 
of  which  are  constructed  of  arches  to  hold  the  combustibles.  Not 
more  than  five  courses  of  tiles  are  burned  at  one  time,  and  they  are 
handled  with  great  care,  as  before  burning  they  are  fragile.  The  fire 
is  increased  gradually  until  the  smoke,  which  at  the  first  of  the  burn- 
ing had  settled  on  the  walls  of  the  kiln,  is  burned  oflf  and  the  tiles  are 
vitrified,  which  is  knoAvn  by  their  becoming  bright  red.  One  thousand 
of  these  tile  cost  from  $8  to  $12,  and  are  laid  so  as  to  cover  a  surface  of 
194  square  feet,  at  a  cost  of  five  cents  per  square  foot. 
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DISCUSSION. 


D.  V.  PuBiNGTON. — Mr.  Chairman  and  gentlemen,  I  did  not  know 
until  Avithin  the  last  five  minutes  that  this  is  what  was  expected  of  me. 
I  was  invited  to  come  here  to  listen  to  the  discussion  of  these  and  other 
papers  by  the  Society;  it  is  a  little  difficult  for  a  man  to  discuss  his 
own  family  in  public.  I  hardly  know  where  to  begin  or  what  to  say, 
and  I  really  think  the  better  plan  would  be  for  those  gentlemen  who 
desire,  to  ask  me  any  questions  in  regard  to  the  iJajjer  that  was  read  in 
New  York. 

I  would  like  to  say,  however,  that  in  my  twenty  years'  experience  in 
the  manufacture  of  brick,  there  has  not  been  a  more  pleasant  or  encour- 
aging fact  than  that  this  Society  has  evidently  taken  hold  of  that  art  to 
which  I  have  given  so  much  of  my  time.  There  is  no  business  that  I 
know  of  that  is  in  so  crude  a  state  as  the  manii^ulating  and  burning  of 
clay,  and  there  is  no  other  so  open  to  improvement,  and  nothing  which, 
in  my  judgment,  will  take  such  strides  in  advancement  during  the  next 
twenty  years  as  this  same  art. 

The  paper  which  I  wrote  was  one  to  which  I  could  give  very  little 
attention,  and  it  was  a  very  crude  paper.  I  simply  endeavored  to  give 
the  methods  in  general  use  in  and  around  Chicago,  and  the  jsrocesses 
in  use  there  would  hardly  be  applicable  in  any  other  locality.  There 
are  some  developments  in  our  manufacture  that  would  be  applicable  to 
other  jalaces,  but  no  two  clays  can  be  treated  alike  with  the  same  results. 

If  anybody  would  indicate  what  is  expected  of  me  I  would  endeavor 
to  comply,  or  if  any  one  desires  to  ask  any  questions  I  will  answer  them 
to  the  best  of  my  ability. 

J.  T.  Dodge,  M.  Am.  Soc.  C.  E. — I  wish  to  present  a  question,  which 
either  Mr.  Purington  or  some  other  gentleman  may  be  able  to  throw 
some  light  ui^on.  I  want  to  ascertain  whether  there  is  such  a  thiug  as 
producing  what  might  be  called  a  concrete  brick  by  the  use  of  silica, 
salt  and  quartzite,  or  some  other  hard  substance,  and  a  jiroper  clay, 
which  possibly  might  be  improved  by  the  addition  of  earthy  elements 
like  salt,  or  something  of  that  sort,  to  facilitate  vitrification.  That  is 
one  of  the  subjects  that  I  have  revolved  in  my  mind,  and  it  involves 
chemical  considerations.  I  hope  some  member  of  the  Society  will  be 
able  to  give  some  information.  Mr.  Piu-ington's  paper,  I  think,  treats 
pretty  much  of  the  business  processes,  of  the  moulding  and  burning  of 
brick. 

Mr.  Purington. — I  am  interested  in  that. 

Mr.  Dodge. — Is  there  not  a  way  of  burning  brick  that  would  make  a 
paving  brick,  which  would  serve  in  sidewalks  or  crosswalks?  Samples 
of  brick,  made  for  paving  purposes,  are  seen  on  the  way  from  here 
down-town.  The  material  is,  I  suppose,  cemented  by  Portland  cement; 
that,  at  least,  is  what  I  conclude. 
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G.  H.  Benzenberg,  M.  Am.  Soc.  C.  E. — If  Mr.  Dodge  has  reference 
to  the  walk  across  the  Court  House  Square,  that  is  compressed  asphal- 
tic  brick. 

Mr.  PuRiNGTON. — There  is  being  put  upon  the  market  in  Chicago  a 
brick,  which  is  manufactured  by  what  is  known  as  the  Myenbury  Brick 
Comj^any,  for  which  they  claim  that  it  is  exactly  such  a  brick  as  Mr, 
Dodge  is  inquiring  for.  For  instance,  this  brick  can  be  written  ujaon 
with  pen  and  ink,  and  after  the  ink  is  dry  you  can  take  a  cloth  and  wipe 
it  off.  Whether  the  process  has  been  so  far  developed  as  to  bring  it 
to  perfection  I  do  not  know.  The  first  patent  on  the  process,  as  I  un- 
derstand, covers  the  material  put  in  to  assist  in  vitrification. 

N.  M.  Edwards,  M.  Am.  Soc.  C.  E.— I  would  like  to  ask  if  sun-dried 
or  air-dried  brick,  made  here,  are  much  used  for  interior  walls.  Whether 
they  rely  on  such  bricks  as  these  for  interior  walls  without  burning? 

Mr.  PuRiNGTON. — I  don't  know;  we  never  use  them  in  this  part  of 
the  country,     I  have  seen  them  used  in  Mexico  for  exterior  walls. 

J.  B.  Francis,  Past  President  Am.  Soc.  C.  E. — Is  not  the  way  the 
Romans  made  brick  a  lost  art?  They  made  bricks  over  two  thousand 
years  ago,  and  we  find  them  now,  sticking  out  of  their  masonry,  and 
they  seem  to  be  perfect.     Is  this  a  lost  art? 

Mr.  PuRiNGTON, — No,  sir,  it  is  not.  The  manner  of  making  brick 
for  the  last  three  hundred  years,  with  the  exception  of  perhaps  the  last 
twenty  years,  has  hardly  been  improved  on.  One  reason  that  these 
bi'icks  have  stood  so  long  may  be  from  the  sujieriority  of  the  clay. 

Mr.  Francis. — The  clay  in  various  countries  is  very  likely  to  dififer, 

Mr.  PuRiNGTON. — The  bricks  made  in  Philadelphia  and  in  Milwaukee 
are  entirely  different';  one  will  sustain  about  the  same  crushing  weight 
as  the  other,  however. 

Mr.  Edwards. — Are  bricks  found  in  cold  climates  in  a  well  preserved 
condition? 

John  Bogart,  M.  Am.  Soc.  C.  E. — There  are  in  good  condition  in 
England  liriek  walls  made  by  the  Eomans,  and  that  is  a  i^retty  cold 
climate. 

Mr.  Edwards. — Will  vitrified  brick  do  the  same  thing? 

Mr.  PuRiNGTON. — Yes,  sir.  There  are  some  clays  which,  if  thor- 
oughly prei^ared  before  being  made  into  brick  and  burned  well,  would 
stand  as  long  as  those  made  by  the  Eomans. 

A.  Dempster,  M.  Am.  Soc.  C.  E. — Will  the  Chicago  bricks  stand 
two  thousand  years? 
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Mr.  PoRiNGTON. — They  will  stand  as  long  as  any  others;  but  that  is 
a  question  that  I  can  answer  better  two  thousand  years  from  now. 

Mr.  Dodge. — A  clay  which  I  have  seen  at  Duluth,  from  which  they 
make  bricks,  has  in  it  pebbles  of  limestone,  and  they  have  been  very 
much  troubled  to  get  rid  of  them,  so  they  have  crushed  them,  reducing 
them  to  smaller  pieces.  One  building  to  which  my  attention  was  called, 
had  been  built  with  bricks  in  which  the  limestone  pebbles  were  crushed 
so  small  that  no  difficulty  arising  from  the  pebbles  was  feared,  yet  the 
brick  in  that  building  were  saturated  with  water  from  the  gutters,  from 
the  top  to  the  bottom  of  the.  building,  and  were  totally  ruined.  The 
brick  were  made  with  a  machine,  and  through  every  brick  were  two 
holes;  possibly  any  brick-maker  may  know  what  machine  it  is.  The 
bricks,  when  saturated  with  water,  break  and  chip  or  scale  off  on  a 
nearly  vertical  plane;  I  believe  that  when  they  lie  either  as  headers  or 
stretchers,  they  break  off  parallel  to  the  face  of  the  building.  Another 
lot  of  these  bricks  svas  saturated  by  water,  and  they  did  the  same  thing; 
they  parted  in  vertical  chijas,  extending  nearly  across  the  bricks,  and  in 
thickness  from  one-eighth  to  one-quarter  of  an  inch;  it  looks  pretty  bad. 
I  asked  the  brick-maker  about  it,  and  his  opinion  was  that  it  was  due 
to  the  manner  of  moulding.  I  asked  him  whetlier  the  lime  had  not  some- 
thing to  do  with  it,  but  he  said  he  thought  not.  This  is  a  very  serious 
trouble  there.  These  bricks  cannot  be  used  on  the  face  of  a  building  if 
the  water  gets  to  them.  In  some  of  the  buildings  the  brick  have  stood 
for  two  seasons  without  the  water  getting  to  them,  but  in  the  third 
Avinter,  when  they  got  snowed  on,  they  scaled  off  and  went  to  pieces;  it 
is  only  a  matter  of  two  or  three  seasons  when  these  bricks  will  be  en- 
tirely gone.  I  would  like  the  opinion  of  experienced  men  on  this  ques- 
tion, whether  this  is  due  to  the  moulding  or  to  the  effect  of  the  lime. 

Mr.  PuRiNGTON. — There  may  be  two  or  three  reasons.  I  think  it  is 
a  great  mistake  to  grind  up  lime  pebbles,  because  a  very  small  piece  of 
lime,  as  large  as  a  jjin  head,  if  it  slacks  at  the  proper  time,  will  break  up 
almost  any  brick;  therefore  the  pebbles  should  be  taken  out  whole  or  left 
in  Avhole. 

In  the  process  of  moulding  referred  to  by  Mr.  Dodge,  the  clay  from 
which  the  brick  are  made  is  jjushed  out  from  the  side  and  the 
brick  are  cut  off  with  a  wire,  lengthwise;  I  can  compare  the  strength  of 
that  brick  to  nothing  better  than  cutting  off  a  piece  of  board  lengthwise 
or  crosswise;  if  you  cut  off  a  piece  of  clay  across  the  end  of  it  you  have 
the  same  result  that  you  would  have  in  cutting  off  a  jDiece  of  board,  that 
is,  it  is  across  the  grain,  and,  the  fibre  running  that  way,  the  water  gets 
in  and  freezes  there  and  cracks  it  off". 

There  is  still  another  reason  that  would  bring  about  the  same  results. 
The  clay  may  be  so  nearly  a  pure  clay,  so  rich,  that  in  that  process  of 
making  brick  you  cannot  put  sufficient  sand  in  it  to  make  it  a  durable 
brick  when  vitrified. 
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J.  B.  Johnson,  M.  Am.  See.  C.  E. — Can  Mr.  Dodge  state  what  per 
cent,  of  absorjition  tliose  bricks  are  caj)able  of. 

Mr.  Dodge. — It  must  be  large,  but  I  could  not  say  exactly. 

KoBEKT  MooRE,  M.  Am.  Soc.  0.  E. — There  is  another  phenomenon  in  a 
different  climate  which  I  v/ould  like  to  have  somebody  explain,  and  that 
is  the  failure  of  brick  walls  which  one  so  often  sees  in  New  Orleans.  It 
is  very  common  to  see  brick  walls  near  the  ground  that  have  scaled  oflf 
an  inch  or  two  in  dejith.  They  seem  to  be  a  soft  brick,  but  whether  it 
is  due  to  a  certain  defect  of  thn  clay,  or  of  their  manufacture,  or  what  is 
the  cause,  I  do  not  know. 

Mr.  PuRiNGTON. — The  jsrobability  is  that  that  class  of  brick  was  never 
burnt  or  vitrified,  aud  no  brick  should  ever  be  put  where  moisture  from 
the  ground  can  be  absorbed  unless  it  is  burnt.  The  probability  is  that 
the  quality  of  the  clay  from  which  this  brick  was  made  was  such  that  it 
could  not  be  burnt  to  vitrification.  We  have  near  Chicago  a  clay  that  it 
is  impossible  to  vitrify;  if  mixed  Avith  this  sort  of  clay  the  brick  never 
vitrifies,  aud  it  cannot  be  burnt  so  that  it  is  safe  to  use  for  foundations 
or  in  fire  walls. 

Mr.  MooKE. — The  brick  I  speak  of  are  in  New  Orleans. 

Mr.  PuKiNGTON. — Nearly  all  the  brick  in  New  Orleans  are  made  from 
alluvial  deposits  in  the  Mississippi  River,  and  there  is  really  very  little 
clay  in  this,  it  is  almost  all  a  loam  or  fine  sand  that  is  washed  down  the 
river.  I  don't  think  I  ever  saw  a  real  vitrified  brick  in  New  Orleans; 
they  would  not  stand  our  northern  climate  at  all. 

Mr.  Dodge. — I  would  ask  Mr.  Purington  whether  the  bricks  which 
are  used  in  Chicago  for  outside  work^by  which  I  mean  common  bricks, 
not  pressed — whether  the  outside  bricks  in  Chicago  and  Milwaukee  are 
really  vitrified;  whether  vitrification  really  takes  place  ? 

Mr.  PuBiNGTON. — About  one-third  of  them  are,  and  ordinarily  these 
are  sold  to  the  city  for  sewage  bricks,  so  that  very  few  get  into  the  build- 
ings.    A  little  secret  of  the  trade  that  I  hope  won't  be  given  away. 

Mr.  Benzenbekg. — I  don't  know  whether  Mr.  Purington  refers  to 
Chicago  or  Milwaukee,  but  as  to  the  Milwaukee  brick,  the  brick-makers 
here  generally  furnish  for  sewers  a  still  harder  burned  brick  than  that 
used  for  buildings;  they  select  the  better  burned  bricks  for  the  build- 
ings, but  the  common  run  of  brick,  the  harder  burned,  are  used  here 
for  sewers. 

Mr.  Purington. — The  brick  made  there  are  vitrified  and  are  very 
hard;  those  that  go  into  the  sewers  are  just  as  good  as  the  others,  but, 
because  they  are  much  harder,  they  are  apt  to  be  out  of  shape. 

Mr.  Dodge. — Are  the  bricks  that  we  find  laid  in  the  sidewalks  here, 
and  which  seem  to  have  large  pebbles  in  them,  made  specially  for  that 
purpose,  or  were  they  selected  from  the  kiln  ? 
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Mr.  PuKiNGTON. — I  know  nothing  about  Milwaukee  brick. 

Mr.  Benzene  ERG. — I  am  sorry  that  we  have  not  some  of  our  Mil- 
waukee brick-makers  here.  I  am  but  very  little  acquainted  with  the  art 
of  brick-makiug.  The  brick  used  here  for  sidewalk  i^urposes,  as  I 
understand  it,  is  the  less  expensive,  ordinary  common  brick. 

Mr.  PuRiNGTON. — I  would  like  to  say  that  we  have  an  association  of 
those  interested  in  brick  manufacture  of  some  three  hundred  members, 
and  so  far,  we  have  no  membershiiJ  at  all  from  Milwaukee;  we  have 
tried  very  hard  to  get  the  Milwaukee  brick-makei's  interested,  but  have 
not  succeeded.  The  National  Association  of  Brick-makers  meet  once  a 
year,  and  if  any  of  you  are  disposed  to  and  have  the  time,  we  should  be 
glad  to  have  you  attend  our  next  meeting  at  Memphis,  Tenn.,  Novem- 
ber 14th  and  15th,  and  will  try  to  get  as  much  out  of  you  as  you  have 
out  of  me. 

H.  B.  Seaman,  M.  Am.  Soc.  C.  E. — I  would  like  to  ask  if  the  average 
sustaining  power  of  brick  is  2  000  pounds,  from  1  800  to  2  300  pounds; 
is  there  any  means  by  which  brick  may  be  manufactured  from  the  same 
clay  to  resist,  say  10  000  or  15000  pounds  to  the  square  inch  ? 

Mr.  PuRiNGTON. — I  would  say  in  reply,  that  the  poorest  brick  that 
we  sell  in  Chicago  would  stand  14  000. 

Mr.  Seaman. — The  reason  I  ask  is  that  there  were  experiments  made 
in  Cincinnati  and  Philadelj^hia,  where  the  limit  of  strength  was  from 
10  000  to  20  000  pounds,  although  General  Greene's  experiments  attained 
an  average  result  of  2  700  pounds.* 

Mr.  PuEiNGTON. — I  have  not  gone  into  the  subject  in  that  way. 

Mr.  Edwards. — I  understand  that  some  years  ago  extensive  experi- 
ments were  made  upon  brick  made  in  Milwaukee. 

C.  L.  Gates.,  M.  Am.  Soc.  C.  E.— The  experiments  that  were  made 
at  that  time  gave  results  of  crushing  stresses  of  from  about  800  to  5  000 
pounds  to  the  square  inch;  these  experiments  were  made  on  small  sized 
brick,  a  cube  perhaps  an  inch  square. 

Ml".  Francis. — Could  not  a  rough,  well-burned  brick  be  used  more 
exteijsively  for  masonry.  I  visited  a  few  years  ago  a  place  where  they 
were  building  walls  of  very  rough  brick,  laid  in  hydraulic  mortar.  The 
bricks  were  used  as  being  the  cheapest  material. 

Professor  I.  O.  Baker. — In  this  discussion  it  is  necessary  to  bear  in 
mind  that  the  (quality  of  brick  has  been  very  much  improved  within  the 
past  few  years.  For  example,  one  of  the  most  intelligent  and  prominent 
brick  manufacturers  of  Central  Illinois  told  me  receutl}-  that  brick  as 
good  as  the  best  made  ten  years  ago,  could  not  now  be  sold  at  any  jirice, 
because  they  were  not  good  enough.     I  am  a  regular  subscriber  to  a 

*  Trans.  1873  :  Vol.  II.,  p.  185.— Notes  on  the  Resistence  of  Bricks  to  a  Crushing  Force. 
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journal  devoted  to  the  brick  manufacturiog  industry,  and  have  con- 
chided  from  reading  its  pages  that  there  has  been  equally  great,  im- 
provement all  over  the  country.  Of  course  the  quality  of  the  brick 
varies  with  the  locality,  owing  to  differences  between  the  clays  and 
in  the  mode  of  manufacture.  I  desire  to  call  attention  to  the  fact  that 
the  quality  of  the  ordinary  run  of  brick  is  very  much  better  now  than 
a  few  years  ago,  and  I  believe  that  brick  could  be  advantageously  em- 
ployed by  engineers  much  more  than  at  present,  particularly  where  good 
stone  is  not  abundant. 

According  to  Trautwine's  Pocket  Book,  the  crushing  strength  of 
brick  varies  from  560  to  4  200  pounds  per  square  inch.  Eankine  says 
the  crushing  strength  of  "  strong  red  brick"  is  1 100  poimds  per  square 
inch.  General  Greene's  experiments,  made  in  1860,  gave  from  1  700  to 
3  400  pounds  per  square  inch.  The  strength  of  the  brick  tested  at  the 
Watertown  Arsenal  during  1882-85  varies  between  5  500  and  22  300 
pounds  per  square  inch;  different  lots  averaging  8  000,  10  000,  11500, 
14  000,  and  18  000  resj^ectively.  According  to  Raukine,  a  good  brick, 
when  set  on  end,  should  require  at  least  1 100  pounds  per  square  inch  to 
crush  it.  Some  brick  tested  on  end  at  Watertown  gave  an  average 
strength  of  7  600,  10  500,  and  14  400  pounds  per  square  inch  for  "light 
red,  medium  red,  and  dark  red  brick,"  respectively.  The  Watertown 
brick  ai^pears  to  have  been  such  as  are  employed  in  actual  construction. 
I  have  seen  the  brick  used  in  the  Pension  Building  at  Washington,  which 
stood  8  000  pounds  per  square  inch  as  above,  and  should  judge  that 
what  is  known  in  Central  Illinois  as  paving  brick,  is  very  much  stronger, 
probably  two  or  three  times  as  great.  Brick  that  will  stand  the  service 
in  pavements,  as  successfully  as  they  have  done  in  numerous  places  all 
over  the  country,  are  sufficiently  strong  and  durable  for  use  in  any 
masonry  structure. 

The  general  opinion  is  that  brick-work  is  in  every  way  inferior  to  stone 
masonry.  This  belief  may  have  been  well  founded  when  brick  was 
made  wholly  by  hand  by  inexpert  operatives,  and  imperfectly  burned  in 
the  old-time  kilns,  the  product  being  then  generally  poor;  but  things 
hav^  changed,  and  since  the  manufacture  of  brick  has  become  a  business, 
conducted  on  a  large  scale  by  enterjsrising  men,  with  the  aid  of  a  variety 
of  machines  and  improved  kilns,  the  product  is  more  regular  in  size  and 
quality  and  in  every  way  better  than  formerly.  I  believe  that  there  are 
many  engineering  structures  in  which  brick  could  be  jjrofitably  em- 
ployed instead  of  stone;  as,  for  example,  the  walls  of  box-culverts, 
cattle-guards,  etc.,  and  the  less  important  bridge  piers  and  abutments, 
particularly  of  highway  bridges.  The  correct  rule  for  such  structures  is 
to  construct  them  of  as  large  stones  as  possible;  but  if  they  are  built  of 
good  brick,  laid  in  strong  cement  mortar,  they  will  be  more  nearly  mono- 
lithic and  better  than  they  generally  are. 

Brick-work  is  preferable  to  stone  masonry  in  several  respects,  as  fol- 
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lows:  1.  In  many  localities  brick  is  cheaper  tlian  stone,  since  the  former 
can  be  made  near  l^y,  while  the  latter  must  be  shipped.  2.  As  brick  can 
be  laid  by  less  skillful  masons  than  stone,  it  costs  less  to  lay  it.  3. 
Brick  is  more  easily  handled  than  stone,  and  can  be  laid  without  any 
hoisting  apparatus.  4.  Brick  requires  less  fitting  at  corners  and 
openings.  5.  Brick  masonry  is  less  liable  to  great  weakness  through 
inaccurate  dressing  or  bedding.  6.  Brick-work  resists  fii-e  better  than 
limestone,  granite,  or  marble;  sandstone  is  the  only  variety  of  stone 
that  can  compare  with  brick  in  power  to  resist  fire.  7.  Good  brick  stands 
the  effect  of  weathering  and  of  the  acids  in  the  atmosphere  better  than 
sandstones,  and  in  durability  even  approaches  some  of  the  harder  stones. 
8.  All  masonry  fails  when  the  mortar  in  its  joints  disintegrates  or  be- 
comes dislodged;  therefore,  brick  masonry  will  endure  the  vicisitudes  of 
the  weather  as  well  as  stone  masonry,  or  even  better,  since  the  former 
usually  has  thinner  joints. 

The  heaviest  pressure  borne  by  any  masonry  structure — the  towers 
of  the  Brooklyn  Bridge — is'  a  little  less  than  400  pounds  per  square  inch 
(28  tons  per  square  foot) ;  while  experiments  made  at  Watertown  showed 
the  average  strength  of  brick  piers  laid  with  mortar  composed  of  one 
part  Rosendale  cement  and  two  parts  sand  was  1  972  pounds  per  square 
inch  (140  tons  -pev  square  foot),  and  with  a  mortar  composed  of  one  part 
Portland  cement  and  two  parts  of  sand  was  2  544  j)ounds  per  square 
inch  (180  tons  joer  square  foot).  The  piers  were  built  by  a  common 
mason  with  the  same  care  a'S  that  usually  given  to  ordinary  masonry.  If 
brick  masonry  of  the  quality  of  last-mentioned  piers  were  substituted 
for  the  granite  masonry  of  the  towers  of  the  Brooklyn  Bridge  the  factor 
of  safety  would  still  be  about  6^;  and  if  substitutedf  or  the  limestone 
masonry,  the  factor  would  be  20. 

In  conclusion,  it  may  be  well  to  state  that  I  have  no  financial  in- 
terest— even  the  most  remote — in  the  brick  industry. 

J.  B.  Johnson,  M.  Am.  Soc.  C.  E. — I  made  some  timea  go  three  sets 
of  tests,  50  bricks  in  each  test,  with  St.  Louis  brick  of  three  kinds  of 
manufacture,  viz. :  hydraulic  jaressed,  mechanical  pressed,  and  ham- 
mer-blow pressed  brick.  Our  St.  Louis  brick  are  of  a  very  good  quality. 
These  tests  were  made  for  absorption,  cross-breaking,  testing  endwise, 
and  testing  flatwise  with  4  half  bricks  made  into  a  column  with  neat 
Portland  cement  mortar  joints,  which  had  stood  for  some  three  weeks. 
The  single  flatwise  test  would  run  up  to  about  8  000  or  10  000  pounds 
per  scpiare  inch,  but  I  consider  it  absolutely  worth  less  for  any  com- 
jiiercdal  purpose.  The  endwise  test  was,  in  each  case,  from  20  to  50 
per  cent,  greater  than  when  4  half  bricks  were  made  into  a  small 
column  and  tested.  The  test  of  these  4  half  bricks  laid  into  a 
column,  I  consider  is  certainly  more  than  the  strength  of  any  wall  or 
pier  Avould  be,  made  of  the  same  brick,  but  that  test  was  25  per  cent, 
less  than  the  test  endwise,  and  the  endwise  tost  gave  only  about  one-half 
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or  one-third  the  strength  of  the  single  flat  test.  So  that  when  tables 
are  given  of  tests  and  we  simply  see  that  ex^jeriments  have  been  made 
and  the  brick  stood  so  much,  without  knowing  how  it  was  tested,  we 
can  make  no  comiDarison  between  any  two,  unless  we  know  all  the  cir- 
cumstances. Why  the  Watertown  Arsenal  should  continue  to  test  in 
this  way  is  a  mystery  to  me;  the  tests  are  absolutely  worthless,  and  the  . 
practice  should  be  abandoned  and  no  report  should  go  out  of  a  test 
made  in  that  way;  the  method  is  such  that  it  can  only  mislead. 

No  crushing  test  should  ever  be  made  on  a  sjaecimen  of  less  height 
than  its  least  lateral  dimension.  In  fact  the  only  justification  that  can 
be  given  for  the  cubical  form  is  that  such  has  been  the  almost  universal 
l^ractice,  and  for  purposes  of  comparison  it  is  necessary  to  continue  it. 
A  really  fair  test  in  crushing  cannot  be  obtained  on  a  specimen  of  less 
height  than  1^  times  the  least  lateral  dimension,  and  a  ratio  of  2 
to  1  is  preferable.  All  granular  or  amorphous  solids  fail  in  compression 
by  shearing  along  diagonal  planes,  and  unless  the  height  is  sufficient  to 
allow  these  shearing  stresses  to  act  freely,  then  an  abnormal  strength  is 
obtained.  Therefore,  if  a  single  brick  is  to  be  tested  by  crushing,  I 
think  the  endwise  test  can  alone  determine  its  normal  strength.  The 
fact  that  this  is  not  the  direction  of  its  loading,  either  in  manufacture  or 
use,  is,  I  believe,  no  objection.  Bricks  seem  to  have  about  equal  strength 
in  all  directions. 
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A  NOVEL   APPLICATION   OF   THE   POLAR 
PLANIMETER. 


By  Chables  E.  Emery,  M.  Am.  Soc.  C.  E. 
Read  July  5th,  1886. 


The  steam  meter  designed  by  the  writer  for  the  use  of  the  New 
York  Steam  Company,  automatically  registers  upon  a  strip  of  paj^er, 
moved  longitudinally  by  clock  work,  at  the  rate  of  J-iuch  per  hour. 
A  base  line  is  formed  upon  the  paper  by  a  stationary  pencil,  and  a 
movable  pencil  ojjerated  by  the  meter  traces  a  diagram,  the  height  of 
which  above  the  base  line  at  any  i)oiut  is  jaroportioned  to  the  weight  of 
steam  flowing  through  the  meter  at  the  corresponding  time,  less  a  con- 
stant difference  in  elevation  on  diagram,  due  to  the  lap  of  the  meter 
valve.  The  tracks  of  the  two  pencils  coincide  when  no  steam  is  used. 
The  diagram  commences  when  steam  is  turned  on,  as  is  shown  by  an 
abrupt  line  at  right  angles  to  the  base  line.  While  a  supply  is  being 
delivered  the  height  of  the  diagram  varies  with  the  demand,  and  when 
steam  is  shut  off  the  movable  pencil  falls  abruptly  to  the  base  line. 
This  form  of  meter  was  settled  upon  after  considerable  exj^eriment  as 
being  the  only  one  which  would  reliablv  measure  a  fluid  moving  at  a 
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velocity  of  80  to  100  feet  a  second,  and  finally  came  into  use  to  the  ex- 
clusion of  all  other  forms.  The  diagrams  were  especially  advantageous 
in  enabling  the  wasteful  use  of  steam  out  of  business  hours  to  be 
detected,  but  the  integration  of  the  several  thousand  feet  of  diagrams 
accruing  every  month  involved  serious  labor,  and  it  was  seen  that  some 
special  apparatus  was  desirable  to  facilitate  the  work.  The  use  of  the 
ordinary  planimeter  saved  considerable  time  in  the  integrations  as  com- 
pared with  any  method  of  measurements  by  means  of  ordinates,  and  the 
attention  of  the  writer  was  directed  to  designing  special  planimeters 
and  acompanying  apparatus  which  would  enable  the  work  to  be  per- 
formed still  more  rapidly.  Some  difficulties,  which  had  been  exi^erienced 
with  one  of  the  original  Amsler  instruments,  and  an  erroneoiis  state- 
ment in  regard  to  the  principles  of  the  device,  published  in  a  circular 
shortly  after  the  instrument  was  introduced,  led  the  writer  to  undertake 
a  new  investigation  of  the  principles  involved  in  the  operation  of  the 
instrument,  which  investigation  was  published,  under  the  title  of  "  The 
Polar  Planimeter,"  in  Vol.  VI,  Trans.  Am.  Soc.  Mech.  Eug'rs.  Previ- 
ous investigations  in  the  same  direction  were  not  lacking,  but  the 
writers  treated  the  subject  generally  as  a  mathematical  problem  or 
piizzle,  without  formulating  practical  rules  to  enable  the  instrument  to 
be  properly  constructed  or  adjusted  when  out  of  order. 

It  is  believed  that  it  will  be  of  interest  here  to  reproduce  for  refer- 
ence a  summary  of  the  governing  proportions  and  general  jjrinciples 
which  afifect  the  action  of  the  instrument. 

All  polar  planimeters  are  provided  at  one  end  of  the  main  arm  with 
a  "tracing  point,"  at  the  other  end  with  a  joint,  guided  either  in  a 
groove  or  by  a  radius  ai"m,  which  joint  we  will  call  the  "hinge,"  and 
there  is  pivoted  in  bearings  on  the  arm  a  "recording  wheel,"  which  is 
usually  placed  between  the  tracer  and  hinge,  or  in  the  line  of  the  two 
beyond  the  latter. 

It  can  readily  be  shown: 

First. — That  if  the  "  hinge"'  end  of  the  arm  be  permitted  to  move  in 
a  fixed  path  in  any  direction,  it  is  necessary  only  that  it  be  returned  by 
the  same  path;  that  is,  the  "hinge"  end  may  be  guided  either  by  a 
radius  arm  or  by  a  groove  either  straight  or  curved. 

Second. — When  the  angle  of  the  main  arm  is  changed  less  than  360 
degrees  and  the  tracer  is  moved  backward  to  the  original  position,  the 
axis  of   the  roller  should  be   parallel  to  a  line  connecting  the  tracing 
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point  and  hinge,  and  tlie  only  proijortions  affecting  the  result  are  the 
length  of  main  arm  between  tracer  and  hinge  and  the  diameter  of  the 
recording  wheel.  If  iV"=  length  of  main  arm,  from  tracer  to  hinge,  D 
=  diameter  of  recording  wheel,  and  J"  =^  number  of  divisions  on  the 
wheel,  e  ich  representing  a  unit  of  area. 

or,  when  ./  =  10,  as  is  customary. 
3.183 


{h)    B    = 

(c)    N  = 


3.183 


D 

Third. — When  one  end  of  the  main  arm  is  guided  by  a  polar  arm  and 
the  fixed  point  or  pole  is  located  Avithin  the  figure  to  be  measured,  it  is 
essential  that  the  tracer,  the  hinge  and  the  axis  of  the  wheel  be  con- 
structed in  the  same  straight  Hue,  and  there  is  to  be  added  to  the  area 
indicated  a  quantity  constant  for  the  particular  j)roportions  of  the 
instrument.  UN—  length  of  main  arm,  from  tracer  to  hinge,  as 
before,  E  =  the  distance  of  bearing  point  of  recording  wheel  from 
hinge,  P  =  the  length  of    the   polar  arm,  and    A  ==  the   area   to  be 

added. 

(d)  ^  =  TT  (P2  _|_  ^2  ^  2  NR). 

The  minits  sign  before  the  last  term  in  parenthesis  applies  when  the 
tracer  and  wheel  are  both  constructed  on  the  same  side  of  hinge,  and 
the  plus  sign  when  they  are  on  opposite  sides. 

In  designing  special  apparatus  for  integrating  the  meter  charts  above 
referred  to,  the  shape  of  the  planimeter  was  adapted  to  the  work,  and  the 
hinge  end  guided  in  a  groove  in  the  edge  of  a  steel  rule  mounted  on  a  spe- 
cial table,  provided  with  devices  to  depress  or  elevate  the  rule  and  clamp 
or  release  the  diagram  paper  as  desired.  In  the  drawings  Plates  LXXIII 
and  LXXIV.  Fig.  1,  is  a  jilan  view  of  the  complete  apparatus;  Fig.  2, 
an  edge  view,  and  Fig.  3,  a  cross-section  of  the  same.  Fig.  4  is  a  jilan 
view  of  the  planimeter  proper  on  au  enlarged  scale,  and  Fig.  5,  a  verti- 
cal elevation  of  tlie  same.  Figs.  G  aud  7  show  alternative  cross-sections 
of  the  guide  rule.  In  Figs.  4  and  5,  u  will  be  recognized  as  the  tracing 
point,  s  as  the  hinge  and  /,  the  recording  wheel  of  planimeter,  the  gradu- 
ations being  upon  a  smaller  attached  cylinder,  M. 

Formula  {<()  above,  shows  that  the  i)roduct  of  the  length  of  the  main 
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Plate  LXXIV. 
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arm  by  the  diameter  of  the  recording  wheel  is  a  constant  quantity,  and 
as  the  diagrams  to  be  integrated  were  less  than  3  inches  wide,  by  reduc- 
ing the  length  of  the  arm  between  the  tracing  point,  n,  and  the  hinge,  s, 
to  4  inches,  the  proper  size  of  the  recording  wheel  was  increased  nearly 
to  .8  of  an  inch  (exactly  .79575  inch),  which  is  much  greater  than  in  or- 
dinary planimeters,  and  enabled  the  scale  on  the  attached  wheel,  M,  to 
be  plainly  read.  The  recording  wheel  was  placed  well  at  one  side  of  the 
arm,  so  as  to  be  at  all  times  on  the  paper,  and  to  give  three  points  of 
bearing  for  the  planimeter,  so  that  it  would  rest  securely.  On  the  axle, 
L,  of  the  recording  wheel  is  a  worm,  N,  which  operates  the  worm-wheel 
shown,  and  moves  the  pointer,  p,  with  one-tenth  the  velocity  of  the  re- 
cording wheel.  The  handle,  n',  over  the  tracing  point  is  swiveled  to 
facilitate  its  manipulation.  It  will  be  observed  that  the  whole  plani- 
meter is,  when  in  use,  at  the  right,  or  under  the  right  hand  of  the  oper- 
ator, so  that  the  light  upon  the  diagram  comes  freely  to  the  tracing 
point  without  shadow  from  the  hand.  The  stud,  s,  forming  the  hinge 
end  of  the  planimeter  is  kept  down  by  a  weight,  s',  as  is  customary. 

The  rale  designated  B,  sets  loosely  over  two  guide-points,//.  The 
front  edge  is  beveled.  Just  back  of  the  edge  is  a  groove,  C,  parallel 
therewith,  to  guide  the  hinge  end  of  the  i^lanimeter,  as  shown  in  Figs. 
6  and  7.  This  groove  is  made  of  V  section  or  hemispherical,  with  the 
bottom  removed  to  receive  the  hemispherical  end  of  the  stud,  s,  forming 
the  hinge  end  of  the  planimeter  arm.  This  form  of  the  stud,  s,  with  the 
groove  shown  enables  universal  motion  about  the  point,  s,  when  the  plani- 
meter is  in  use  and  when  lifting  the  planimeter  wheel  from  the  paper. 
As  shown  in  Fig.  1,  the  rule,  B,  is  provided  with  rear  arms,  c,  d,  which 
merely  touch  the  board  to  steady  the  rule 'as  it  is  raised.  On  the  front 
edge  of  the  rule  there  are  also  the  arms,  c,  d  and  e.  The  inner  sides  of 
the  arms,  c  and  d,  form  guide  edges  for  the  tracing  point  of  planimeter 
at  the  extreme  limits  of  motion.  The  distance  between  these  edges  is 
made  21  inches,  corresponding  to  forty-two  hours,  so  that  the  instru- 
ment has  to  be  applied  but  four  times  for  one  week's  record.  The  arm, 
d,  is  made  short,  so  that  the  wheel  of  the  planimeter  will  pass  it  when 
the  tracing  point  is  sliding  along  the  edge  of  the  main  rule,  D.  The 
rule  is  extended  to  the  right  a  distance  equal  to  the  length  of  the  plani- 
meter and,  when  the  planimeter  is  not  in  use,  the  tracing  point  is  lifted 
and  carried  back  to  the  prick-punch  mark,  e  ,  in  which  operation  the 
measuring  wheel,  /,  of  the  planimeter  rolls  upon  the  larojecting  arm  or 
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table,  e,  when,  all  three  bearing  j^oints  of  the  planimeter  being  upon  the 
rule,  the  whole  instrument  is  lifted  as  the  rule  is  lifted. 

The  rule  is  lifted  by  the  uj^turned  ends  of  the  three  arms,  E,  fastened 
to  a  rock  shaft,  G,  and  is  dej)ressed  by  three  sj^rings,  F,  attached  to  the 
same  shaft.  The  arm,  H,  on  the  end  of  shaft,  G,  is  operated  by  the 
handle,  H,  to  raise  and  depress  the  rule.  Upon  the  inside  of  the  arm, 
H,  is  a  projecting  piece  which  catches  into  notches  in  a  bracket  shown, 
whereby  the  rule  may  be  held  in  an  elevated  iDOsition,  free  from  the 
board  upon  which  it  ordinarily  rests,  so  that  the  j^aper  can  be  introduced 
beneath  it.  It  will  be  observed  that  there  are  depressions  at  the  ends 
of  the  main  board  forming  shallow^  pockets,  A'^,  A^.  In  operating  the 
instrument,  the  roll  of  i^aper  is  introduced  into  the  pocket.  A,  and 
drawn  through  under  the  rule,  when  it  is  raised  as  described.  The 
handle,  H,  is  then  brought  to  mid  ijosition,  when  neither  the  springs, 
F,  nor  the  arms,  E,  bear,  and  the  weight  of  the  rule  simply  rests  on  the 
paper,  giving  an  opportunity  to  adjust  the  paper  to  bring  the  base  line 
to  the  edge  of  the  rule.  The  arm,  H,  is  then  depressed  and  locked 
down  in  a  notch  as  described,  so  that  the  springs,  F,  bear  firmly  on  the 
rule  and  clamp  the  paper  in  position. 

It  will  be  observed  that  there  is  a  square  projection  at  v,  entering  the 
corner  where  the  jjrojecting  piece,  e,  meets  the  edge  of  the  main  rule. 
This  is  grooved  on  the  top  j^arallel  with  the  two  edges,  and  at  the  inter- 
section a  prick  punch  point  made.  The  first  operation  after  clamping  the 
paper  is  to  move  the  tracing  iDoint,  n,  from  the  prick  punch  point,  e,  to 
V,  that  referred  to  at  the  intersection.  The  recording  wheel,  /,  is  then  re- 
volved by  hand  to  zero,  and  the  tracing  point  operated  to  run  around  the 
figure  from  right  to  left,  first  following  therefore  the  outer  irregtilar 
edge  of  the  diagram  and  being  brought  back  along  the  edge  of  the  rule. 
In  case  there  are  a  series  of  short  diagrams,  the  instrument  may  be 
started  on  either,  but  the  whole  can  be  integrated  together  by  running 
from  the  ruler  around  each  separately  to  the  rule  again,  then  along  the 
rule  to  the  next  one,  and  around  that  in  a  similar  manner,  thus  repeat- 
ing, and  finally  returning  to  the  place  of  beginning  along  the  edge  of 
the  rule. 

It  will  be  observed  that  the  edge  of  the  rule  is  graduated  to  inches 
and  tenths  and,  as  the  planimeter  recording  wheel  is  graduated  for 
square  inches,  tlie  mean  height  of  the  diagram,  or  the  average  mean 
height  of  the  smaller  diagrams,  is  obtained  by  simply  dividing  the  area. 
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or  the  sum  of  the  areas,  by  the  length,  or  the  sum  of  the  lengths,  as  the 
case  may  be.  In  practice  a  constant  quantity  is  deducted  from  the  mean 
height  thus  obtained,  to  provide  for  the  lap  of  the  meter  previously  re- 
ferred to,  and  the  remainder  multiplied  by  a  factor  applicable  to  the 
particular  meter  gives  the  total  quantity  of  steam  consumed  for  the  time 
under  consideration. 

When  the  portion  of  the  diagram  between  the  arms,  c  and  d,  on  the 
rule  has  been  operated  upon,  the  rule  is  lifted  and  the  diagram  moved 
from  left  to  right  readily,  the  base  liae  readjusted  to  the  edge  of  the  rule, 
and  the  measuring  operation  repeated. 

The  rule,  d,  may  readily  be  lifted  off  the  pins,  ff,  and  laid  on  any 
drawing  and  used  to  guide  the  j^lanimeter  to  measure  an  irregular  surface 
on  such  drawing.  In  this  case,  if  the  surface  be  a  large  one,  it  can  be 
measured  in  a  series  of  belts,  each  within  the  capacity  of  the  instru- 
ment. The  outlines  of  the  belts  can  be  conveniently  distinguished  by 
pencil  lines  and  a  ruler  laid  against  the  one  in  advance  to  guide  the 
tracer  accurately,  and  upon  completing  the  circuit  the  guide  ruler  itself 
may  be  moved  forward  to  the  next  boundary.  In  instruments  designed 
for  general  use,  the  rule  B  may  be  made  of  any  convenient  length,  and, 
of  course,  all  the  lateral  arms,  c,  d  and  e,  would  be  omitted. 

The  preliminary  investigations  made  by  the  writer  as  to  the  prin- 
ciples of  the  instrument,  enabled  him  to  design  the  apparatus  above  de- 
scribed, complete,  and  ask  for  prices  for  its  construction  from  drawings 
and  descriptive  specifications  as  confidently  as  if  the  work  was  of  an 
established  character.  Three  of  the  instruments,  complete,  have  been 
made  in  accordance  with  the  drawings  by  the  Ashcroft  Manufacturing 
Company,  of  Boston,  Mass..*  for  the  New  York  Steam  Company,  and^all 
operated  from  the  first  correctly  and  satisfactorily,  saving  for  the  par- 
ticular work  named  more  than  one-half  the  time  required  with  ordinary 
planimeters. 

*  Represented  by  Messrs.  Manning,  Maxwell  &  Moore,  New  York. 
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